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**THE F508DEL‐CFTR MUTATION ALTERS ITS PARTITIONING INTO NANOSCALE MEMBRANE MICRODOMAINS**

[AbuArish, A.]{.ul}; Hanrahan, J.W. *Physiology, McGill University, Montreal, QC, Canada*

The cystic fibrosis transmembrane conductance regulator (CFTR) is a tightly regulated anion channel which mediates cAMP‐stimulated salt and fluid secretion and enables efficient mucociliary clearance in the airways. Most CF is caused by the deletion of phenylalanine at position 508 which disrupts the folding, trafficking, gating and surface stability of the mutant. CFTR interactions with other proteins have been studied extensively and it is thought to form protein complexes that localize and stabilize it at the cell surface. Membrane lipids may also play a role in these processes but have received much less attention. We recently showed that wt‐CFTR forms sub‐resolution clusters that are homogeneously distributed on the plasma membrane of primary human airway epithelial cells. Our studies of CFTR protein dynamics revealed two dynamically distinct populations. One population exhibited small spatial scale transport dynamics and confinement that was dependent on membrane cholesterol suggestive of its localization in lipid rafts. A second population of CFTR molecules had larger spatial scale dynamics indicating CFTR lateral mobility outside the rafts. To better understand the importance of CFTR clustering for its membrane expression and stability and its possible role in CF, we have now compared the aggregation state and lateral mobility of wt‐CFTR with F508del‐CFTR rescued by treating cells with VX‐809. The distribution of wt‐ and F508del‐CFTR was studied in primary human bronchial epithelial cells using spatial image correlation spectroscopy (ICS). CFTR dynamics were studied using a modified version of k‐space image correlation spectroscopy (kICS). To quantify the fraction of wt‐CFTR and F508del‐CFTR within cholesterol‐rich membrane microdomains, and their mobility, transport and partitioning dynamics of these populations were compared under control conditions and following chronic treatment with VX‐809 or in combination with the potentiator VX‐770. ICS analysis showed that the aggregation state of wt‐CFTR is much higher than F508del‐CFTR despite treatments with the corrector or in combination with the potentiator. kICS analysis revealed that F508del‐CFTR partitions into lipid rafts under control conditions, but the confinement is significantly weaker and a smaller fraction of the population displays confinement when compared with wt‐CFTR. VX‐809 correction does not restore the normal confined fraction or confined dynamics of F508del‐CFTR, neither does the additional potentiation with VX‐770, confirming that these treatments do not correct F508del‐CFTR membrane behavior. The results show a clear dependence of CFTR distribution and dynamics on cholesterol and suggest that the reduction in F508del‐CFTR confinement could be due to an alteration in its interaction with cholesterol which is not restored by CFTR modulators. Supported by The Cystic Fibrosis Foundation.
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**SMALL‐MOLECULE DAB2‐DH INHIBITORS STABILIZE CFTR AND ENHANCE FUNCTIONAL RESCUE**

[Madden, D.R.]{.ul} ^1^; Chavez, M.^1^; Al Ayyoubi, S.^1^; Cihil, K.M.^2^; Pellegrini, M.^1^; Swiatecka‐Urban, A.^2^ *1. Geisel School of Medicine/Dartmouth College, Hanover, NH, USA* *; 2. Dept. of Cell Biology, U. Pittsburgh, Pittsburgh, PA, USA*

Of the numerous *CFTR* mutations affecting biosynthetic processing, gating and stability at the plasma membrane, ΔF508‐CFTR is the most prevalent among patients with cystic fibrosis (CF) and exhibits a combination of all three defects. The FDA has recently approved a combination therapy (VX‐809 and VX‐770; Orkambi^®^) that benefits CF patients homozygous for ΔF508 (ΔFEV~1~ ˜3%). However, it does not yield a significant improvement for heterozygous patients.

VX‐809 is a corrector that addresses the folding defect, and VX‐770 is a potentiator that increases net ion‐channel activity. Our laboratory focuses on the development of stabilizers, a class of modulators that increase the half‐life of CFTR by blocking its internalization and degradation. A number of endocytic adaptors have been shown to modulate CFTR internalization including Disabled‐2 (Dab2) (1‐5). siRNA‐mediated knockdown of Dab2 increases plasma membrane abundance of CFTR, highlighting Dab2 as a potential therapeutic target, and the Dab Homology (DH) domain of Dab2 is necessary and sufficient for Dab2 to co‐assemble in complex with CFTR. Furthermore, a peptide sequence derived from an endogenous partner of the Dab2‐DH domain, the amyloid precursor protein (APP), increased abundance of WT‐CFTR in the plasma membrane in human bronchial epithelial cells (CFBE41o‐), confirming the DH domain as a molecular target for stabilizer‐based therapies (1,2). However, the affinity of the APP decamer was low (*K* ~D~ = 20 μM), and peptide bioavailability can be limiting.

To identify small‐molecule inhibitors, we used array screens to engineer peptides with 200‐fold higher affinity for the DH domain (*K* ~D~ = 100 nM). We then screened a compound library for inhibitors of the Dab2‐DH peptide‐binding pocket, and identified multiple hits with single micromolar affinities. Hits were validated using pulldown inhibition. Testing of cytotoxicity demonstrates biocompatibility to concentrations as high as 100 mM, suggesting a potential therapeutic window. We measured short‐circuit currents (Isc) across polarized monolayers of CF bronchial epithelial cells treated with VX‐809 and VX‐770 alone or in combination with Dab2‐DH inhibitors. The three‐way combination with Dab2 inhibitors yielded an Isc increase nearly double (70‐95%) that seen with VX‐809 and VX‐770. Our data demonstrate the potential of CFTR stabilizers to increase functional rescue of CFTR. The assay has now been re‐validated in 1536‐well format suitable for a large‐scale high‐throughput screening campaign. Finally, crystallographic and NMR structural analyses of Dab2‐DH:ligand complexes show the site of inhibitor binding and provide a basis for rational design of more potent inhibitors.

**References:** Cihil KM, et al. J Biol Chem. 2012;287:15087‐99Madden DR, Swiatecka‐Urban A. Commun Integr Biol. 2012;5:473‐6Collaco A, et al. J Biol Chem. 2010;285:17177Fu L, et al. Biochem J. 2012;441:633‐43Fu L, et al. PLoS One. 2015;10:e0123131

**Acknowledgments:** MIT Peptide Array facility; Dr. J. Spoonamore (Broad Institute Chemical Biology/Novel Therapeutics Outreach Laboratory), the CF Foundation Research Development Program at Dartmouth (STANTO19R0) and the NIH (R01‐DK104847).

**3\***

**CAT‐5571 AS A NOVEL AND POTENT AUTOPHAGY ACTIVATOR THAT ENHANCES THE TRAFFICKING OF THE F508DEL‐CFTR**

[Liu, F.]{.ul} ^3^; Carney, D.^3^; Sachin, C.^3^; Lee, D.^3^; Lonkar, P.^3^; Nichols, A.^3^; Picarella, D.^3^; Ting, A.^3^; Webb, S.^3^; Wensley, A.^3^; Yeager, M.^3^; Bridges, R.J.^1^; PenaRasgado, C.^1^; Lacerda, A.^2^; Bordwell, C.^2^; Vu, C.^3^ *1. Rosalind Franklin University of Medicine and Science, North Chicago, IL, USA* *; 2. Charles River Laboratories, Inc, Cleveland, OH, USA* *; 3. Catabasis Pharmaceuticals, Cambridge, MA, USA*

Autophagy is a physiological process that helps maintain cellular homeostasis by degrading dysfunctional cellular components, such as misfolded proteins or foreign pathogens, and converting them into useful building blocks, such as amino acids, nucleic acids and lipids. In CF with the F508del mutation, the defective CFTR has previously been shown to induce an upregulation in transglutaminase activity. This enzyme, in turn, drives the crosslinking and the subsequent disabling of Beclin‐1, a key protein that is needed for autophagy activation. Once autophagy is impaired, there is a corresponding increase in p62. Since p62 has been shown to regulate the aggresome formation, its accumulation effectively traps the F508del‐*CFTR* in the ER and prevents its trafficking to the cell surface. An effective autophagy activator, should, in theory, reverse this sequence of events and allow more of the misfolded CFTR to reach the cell surface. To direct the restoration of autophagy, a fatty acid cysteamine conjugate (CAT‐5571) was synthesized by first covalently linking cysteamine to the omega‐3 fatty acid DHA. The sulfhydryl group was then converted into a functionalized disulfide moiety in order to enhance cellular penetration, plasma stability and oral bioavailability. This linking methodology takes advantage of intracellular enzymes to enable the release of two biologically active components (i.e., cysteamine and DHA) inside cells at the same time and in equimolar concentrations. This process allows the simultaneous inhibition of transglutaminase 2 and the upregulation of AMPK to take place and enable a more effective restoration of Beclin‐1 and autophagy. In cultured primary homozygous F508del hBE cells, the fatty acid cysteamine conjugate CAT‐5571 synergistically activated autophagy at concentrations as low as 0.3 μM. This level of activity was observed only with the covalent conjugate and could not be replicated by administering the individual components either individually or in combination, even at much higher concentrations. Once autophagy had been restored in these primary CF hBE cells, an increase in the trafficking of the F508del‐*CFTR* was observed, as noted by an increase in the CFTR band C. When CAT‐5571 was used in combination with the corrector VX‐809 and the potentiator VX‐770, it showed an additive effect, as measured by the increase of chloride conductance in a functional assay using cultured primary homozygous F508del hBE cells. CAT‐5571 is orally bioavailable in the mouse, rat and dog, with drug‐like attributes. It represents a potential new therapeutic for the treatment of CF with the F508del mutation.

**4\***

**THE NOVEL POTENTIATOR GLPG1837 MODULATES CFTR THROUGH DIFFERENT MODE OF ACTION THAN IVACAFTOR (KALYDECO)**

Peters, F.^1^; Mijnders, M.^1^; Andrews, M.^2^; Van der Plas, S.^2^; Conrath, K.^2^; Braakman, I.^1^; [Kleizen, B.]{.ul} ^1^ *1. Cellular Protein Chemistry, Utrecht University, Utrecht, Netherlands* *; 2. Galapagos, Mechelen, Belgium*

The current therapeutic strategy to repair cystic fibrosis‐causing defects in the chloride channel CFTR is to develop novel and better correctors (to improve folding) and potentiators (to improve function). Galapagos identified a novel potentiator GLPG1837 that is potent in improving channel activity of temperature‐rescued CFTR‐F508del as well as CFTR‐G551D. Compared to ivacaftor, GLPG1837 does not compromise drug‐corrected CFTR‐F508del (Peters F, et al. Pediatr Pulmonol. 2015;50(S41):210). GLPG1837 is currently in a Phase 2 study to evaluate safety, tolerability and efficacy in S1251N and G551D CF patients.

Using a radiolabeling pulse‐chase approach in combination with protease susceptibility we track folding and assembly of each CFTR domain with time, and determine when and where correctors and potentiators work on the newly synthesized protein. Using newly developed antibodies against the membrane‐spanning domains of CFTR (TMDs) we investigated mode of action of the clinical drug ivacaftor and found that this potentiator changed protease resistance of TMD1 during late stages of CFTR folding. Ivacaftor mimics the conformational effect that nucleotide‐binding domain NBD2 has on TMD1 through the second intracellular loop ICL2 during CFTR folding. These effects occur already during CFTR folding in the early secretory pathway, in apparent contrast to ivacaftor modulating CFTR function at the cell surface.

Since the efficacy of GLPG1837 on dysfunctional channel CFTR‐G551D is greater compared to ivacaftor, we expect to observe the largest difference between GLPG1837 and ivacaftor on this mutant. We therefore pulse‐labeled both wild‐type and CFTR‐G551D in the absence or presence of GLPG1837, chased for 2 h or not (0 h), and determined protease susceptibility of all 5 CFTR domains. The GLPG1837 potentiator had no effect on the late folding events in TMD1 that were changed by ivacaftor, demonstrating that this novel potentiator modulates CFTR through a different mode of action. We are testing additional proteases on all CFTR domains to identify possible mild effects of GLPG1837 on CFTR conformation. These results will provide new and important insights on the impact of potentiators on CFTR\'s structure and function.

**5\***

**DIFFERENCES IN THE RESPONSES OF HUMAN VERSUS MOUSE WILD‐TYPE‐ AND F508DEL‐CFTR TO IVACAFTOR AND ELEVATED TEMPERATURE**

[Bose, S.J.]{.ul} ^1^; Liu, J.^1^; Cai, Z.^1^; Bot, A.G.^2^; Bijvelds, M.J.^2^; de Jonge, H.^2^; Sheppard, D.N.^1^ *1. School of Physiology, Pharmacology and Neuroscience, University of Bristol, Bristol, United Kingdom* *; 2. Department of Gastroenterology and Hepatology, Erasmus University Medical Center, Rotterdam, Netherlands*

Species differences in CFTR activity have implications both in the development of animal models for cystic fibrosis (CF) and for understanding the mechanism of action of CFTR modulators. In the present study, single‐channel patch‐clamp recordings were used to identify differences in the responses of human and mouse wild‐type (WT) and F508del‐CFTR to ivacaftor (VX‐770; Kalydeco).

Excised inside‐out membrane patches from cells expressing recombinant CFTR were clamped at ‐50 mV and used to record single‐channel current amplitude (i) and open probability (P~o~) at 37°C with a Cl^‐^ concentration gradient (intracellular \[Cl^‐^\], 147 mM; extracellular \[Cl^‐^\], 10 mM). The processing defect of F508del was first corrected by incubating cells at 27°C or using 3 μM lumacaftor (VX‐809) at 37°C for 24 hours prior to experiments. Recordings were made following activation of CFTR with 1 mM ATP and 75 nM PKA. The effects of ivacaftor were tested at concentrations from 10 nM to 10 μM. Data are shown as means ± SEM and were analysed using Student\'s t‐test or one‐way ANOVA.

All constructs tested exhibited ATP‐ and PKA‐dependent Cl^‐^ currents characteristic of CFTR. For human WT‐CFTR, i = ‐0.69 ± 0.01 pA and P~o~ = 0.34 ± 0.02 (n = 8 ‐ 12). Human F508del‐CFTR showed a decrease in both i (‐0.55 ± 0.02 pA) and P~o~ (0.09 ± 0.01) compared to WT (n = 10 ‐ 15; P \< 0.05). As previously reported, mouse WT‐CFTR exhibited a highly active sub‐conductance (O~1~) with brief openings to a fully open state (O~2~) (i = ‐0.38 ± 0.14 pA, P~o~ = 0.04 ± 0.01; n = 3). However, unlike human F508del‐CFTR, the activity of mouse F508del‐CFTR did not differ from that of mouse WT‐CFTR (O~2~: i = ‐0.36 ± 0.01 pA, P~o~ = 0.06 ± 0.01; n = 7, P \> 0.05 vs WT). Furthermore, while the activity of low temperature‐corrected human F508del‐CFTR deactivated within 5 minutes following an increase in temperature to 37°C, mouse F508del was thermally stable and remained fully active beyond 10 minutes at 37°C.

Ivacaftor potentiated human F508del‐CFTR corrected by either low temperature or lumacaftor, eg, 10 μM ivacaftor increased the P~o~ of temperature‐corrected F508del‐CFTR from 0.09 ± 0.02 to 0.28 ± 0.05 (n = 5 ‐ 6, P \< 0.05). However no effect on the P~o~ of O~1~ or O~2~ for mouse WT (n = 3) or F508del‐CFTR was observed in response to ivacaftor following either low temperature or lumacaftor correction (n = 5 ‐ 7).

Our results demonstrate that F508del does not produce the same functional changes in mouse CFTR as observed for human CFTR. As F508del disrupts NBD1 ‐ ICL4 interactions, our data suggest that structural differences in mouse CFTR compared to human CFTR might stabilise this interface and prevent F508del‐induced thermal instability. Our data also show that the single‐channel activity of mouse CFTR is not potentiated by ivacaftor over a range of concentrations, providing rationale for the use of human‐mouse CFTR chimeras to investigate the binding site of ivacaftor.

Supported by CF Trust; SJB is the recipient of a studentship from the UK Medical Research Council.
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**G551D CFTR 3D STRUCTURE DETERMINED BY CRYO‐ELECTRON MICROSCOPY**

[Ford, B.]{.ul}; Collins, R.F.; Meng, X. *Life Sciences, University of Manchester, Manchester, United Kingdom*

**Introduction:** CFTR/ABCC7 is a member of the ATP‐binding cassette (ABC) family of proteins. Unusually for this family, CFTR operates as an ion channel, rather than a transporter. ABC transporters are thought to operate as pumps by undergoing major structural changes which move the transported allocrite from an inwardly‐exposed to outwardly‐exposed location within the transmembrane domains (TMDs). This alternating access‐type mechanism is coupled to the binding of ATP which triggers the dimerisation of the nucleotide‐binding domains (NBDs) followed by ATP hydrolysis and dissociation of the two NBDs, returning the transporter to its starting status (with the TMDs in the inward‐facing conformation). For CFTR, ATP binding appears to be required to open the channel (after a prior phosphorylation event) whilst ATP hydrolysis has been associated with channel closure. The disease‐causing missense mutation, G551D, appears to greatly reduce the open probability of the channel.

**Results:** The structure of the purified G551D mutant version of CFTR has been determined by cryo‐electron microscopy of single particles in a detergent micelle and the data have been collected on a Krios microscope equipped with a direct detector camera and a phase plate. The structure in the absence of ATP will be presented. Biophysical data will also be presented that show that the purified protein in a detergent micelle has a spatial distribution of cysteine residues that is consistent with current homology models. The data also imply that G551D‐CFTR is more stable than the wild‐type protein. The structure will be compared with other ABC proteins where high‐resolution structures are available and also with the density map of CFTR obtained previously from two‐dimensional crystals (Rosenberg MF, et al. J Biol Chem. 2012;286:42647‐54). In the absence of ATP, the transmembrane domains of G551D‐CFTR show an outward‐facing configuration, with a deep and wide central channel that is closed on the cytoplasmic side of the TMDs by the intracytoplasmic loops. The NBDs are in a closed dimeric configuration, but density for ATP cannot be observed. Density for the extracellular loops is weak, implying that these regions of the protein are relatively mobile, or disordered in the outward‐facing conformation. Regions of density around the NBDs and not accounted for by homologous ABC transporters such as Sav1866 is probably due to the regulatory region (R‐region) which must be phosphorylated before channel opening can happen.

**Conclusion:** The new structure for CFTR may provide new insights that will allow structure‐directed design of therapeutics for the targeted treatment of CF‐causing mutations.
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**CHARACTERIZATION OF P67L CFTR AS A MODEL OF "PRECISION" THERAPEUTICS FOR RARE CFTR ALLELES**

[Sabusap, C.P.]{.ul} ^1^; Fu, L.^1^; McNicholas‐Bevensee, C.M.^1^; Wang, W.^1^; Chung, W.^1^; Wen, H.^1^; Mazur, M.^1^; Kirk, K.^1^; Collawn, J.F.^1^; Hong, J.S.^1^; Sorscher, E.J.^1,2^ *1. University of Alabama at Birmingham, Birmingham, AL, USA* *; 2. Emory University, Atlanta, GA, USA*

In this study, we evaluated P67L CFTR, a mutation associated with pancreatic sufficiency and present in a comparatively small cystic fibrosis patient population (curated by CFTR2 (<http://www.CFTR2.org>)). Historically, P67L has been designated a class IV conductance abnormality (i.e., malformed ion pore). In contrast, our studies demonstrate P67L disrupts CFTR protein maturation, prompts misfolding, causes gating defects, and exhibits conductance very similar to wild‐type. We also show that P67L CFTR is robustly rescued by lumacaftor or ivacaftor, both in cell lines and primary airway epithelia, although unresponsive to low‐temperature correction. To further elucidate the impact of this mutation during protein biogenesis, second‐site suppressors R555K or R1070W were introduced in concert with P67L. These experiments, together with pronounced lumacaftor correction and absence of 27° C rescue, suggest a model in which P67L is necessary for proper formation of the NBD1/cytosolic loop interface and/or stability of TMD1. Our findings (and those of others) therefore suggest the importance of clinical studies to test pharmacologic correction in CF subjects carrying the P67L defect. We note that lumacaftor rescue of P67L CFTR might not have been anticipated based on previous CFTR class IV assignment. For rare (ultra‐orphan) CFTR mutations such as P67L, access to novel therapeutics is often constrained by difficulty arranging phase III clinical trials, and restrictions on off‐label use when drug cost is prohibitive. Analysis of low prevalence cystic fibrosis alleles offers a means for assessing barriers to "personalized" medicine, and engaging the best available mechanistic knowledge towards treating patients with rare forms of the disease. (Funded by CFF and NIH.)
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**COUPLING BETWEEN CYTOSOLIC AND MEMBRANE DOMAINS MODIFIES PKA‐DEPENDENT CFTR CHANNEL ACTIVATION**

[Chin, S.]{.ul} ^1,2^; Yang, D.^1^; Molinski, S.^1,2^; Ramjeesingh, M.^1^; Eckford, P.^1^; Bear, C.E.^1,2,3^ *1. Molecular Function and Structure, The Hospital for Sick Children, Toronto, ON, Canada* *; 2. Biochemistry, University of Toronto, Toronto, ON, Canada* *; 3. Physiology, University of Toronto, Toronto, ON, Canada*

Cystic fibrosis transmembrane conductance regulator (CFTR) is an unique anion channel of the ATP‐binding cassette (ABC) superfamily. CFTR consists of two nucleotide‐binding domains (NBDs), two membrane‐spanning domains (MSDs) and a regulatory (R) domain. CFTR also has alpha‐helical extensions and intracellular loops (ICLs) which couple the NBDs and MSDs via "coupling helices." The regulation of CFTR channel activity involves protein kinase A (PKA) phosphorylation at the R domain. However, little is known of the effect of phosphorylation on the intramolecular interactions relating to CFTR channel activation. Previous studies of a similar ABC transporter, BtuCD, have shown that intrinsic tryptophan fluorescence can detect urea‐sensitive changes in the coupling between the MSDs and NBDs of full‐length BtuCD. Interestingly, we have found that urea‐sensitive changes of CFTR were similar to studies of BtuCD and were modified upon PKA phosphorylation. Tryptophan quenching of CFTR was also modified by PKA phosphorylation and suggests this modifies an electrostatic environment of CFTR. Based on CFTR homology models, the ICL:NBD interface has many tryptophans, such as W401 at NBD1, and has a phosphorylation site at Serine‐422 which may provide an electrostatic environment. Our biophysical studies then led us to propose that phosphorylation may modify the coupling of ICLs and NBD1 which may be essential for CFTR channel activation. In order to specifically study those interfaces, cysteine crosslinking studies in HEK293 cells were employed using a short membrane‐permeable cysteine crosslinker on a CFTR mutant lacking its native cysteine residues (cys‐less) with two cysteines engineered at the interfaces of interest. We did not detect any cysteine crosslinking at the ICL1:NBD1 interface with either R170C/W401C or R170C/E476C cys‐less WT CFTR. However, we did detect a shift in SDS‐PAGE gel migration of all single‐ and double‐cysteine mutants which suggests that these cysteines may be accessible to crosslinker modification. We were able to detect a specific intramolecular interaction at the ICL4:NBD1 interface with V510C/A1067C cys‐less WT CFTR. However, we were unable to detect any changes at the ICL4:NBD1 interface upon PKA phosphorylation. These results were similar to previous studies by He L, et al. (J Biol Chem. 2008;283(39):26383‐90) which suggest either that the coupling helices of ICL1 and ICL4 are stably interacting with NBD1 regardless of phosphorylation status or that subtle changes in the affinity of this interaction cannot be detected by chemical crosslinking. Consistent with the latter suggestion, our initial studies of disease‐causing mutations in the coupling helices of ICL1 and ICL4 show that they exhibit a defect in phosphorylation‐dependent channel activation. Together, biophysical studies of reconstituted full‐length CFTR protein and cell‐based studies of coupling mutants support the hypothesis that such coupling interfaces play a key role in the intramolecular signaling required for CFTR channel regulation. Authors acknowledge support from CF Canada, CIHR and NSERC.
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**STABILIZING MUTATIONS IN NUCLEOTIDE BINDING DOMAIN 1 THAT PROMOTE FOLDING AND TRAFFICKING IN CELLS ALSO ENHANCE PROTEIN THERMOSTABILITY OF THE PURIFIED, FULL‐LENGTH HUMAN CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR**

[Urbatsch, I.L.]{.ul} ^1^; Yang, Z.^3^; Zhou, Q.^3^; Hildebrandt, E.^1^; Dai, Q.^2^; An, J.^3^; Ding, H.^2^; Macon, K.J.^3^; Riordan, J.R.^4^; DeLucas, L.J.^3^; Brouillette, C.^3^; Kappes, J.C.^2^ *1. Cell Biology and Biochemistry, Texas Tech University Health Sciences Center, Lubbock, TX, USA* *; 2. Department of Medicine, University of Alabama at Birmingham, Birmingham, AL, USA* *; 3. Department of Chemistry, University of Alabama at Birmingham, Birmingham, AL, USA* *; 4. Biochemistry, University of North Carolina Chapel Hill, Chapel Hill, NC, USA*

Second‐site substitutions that rescue F508del‐CFTR folding also thermally stabilize the wild‐type human CFTR NBD1 domain. Combinations of single substitutions acted additively and yielded NBD1 constructs with highly increased thermostability of that domain (results are presented in another poster \[Yang et al.\]). In the present study, the effects of these NBD1‐stabilizing substitutions on the folding and trafficking of full‐length wild‐type CFTR in a mammalian expression system, and their effects on the monodispersity and thermostability of detergent‐purified CFTR, were investigated. Recombinant CFTR proteins containing different combinations of the second‐site substitutions were overexpressed in the stable mammalian cell system developed in our lab (Hildebrandt E, et al. Mol Biotechnol. 2015;57:391‐405). These CFTR proteins contained a His‐affinity purification tag, and extracellular FLAG epitope and enhanced green fluorescent protein (EGFP) tags to facilitate fluorescence‐activated cell sorting (FACS). FACS analyses of anti‐FLAG antibody binding to the extracellular FLAG tag indicated significantly increased levels of cell surface expression of NBD1‐stabilizers over that of wild‐type CFTR. The CFTR proteins were purified using a protocol optimized in our labs (Hildebrandt E, et al. Biochim Biophys Acta. 2014;1838:2825‐37). Fluorescence size exclusion chromatography (FSEC) of the purified proteins indicated improved monodispersity of the NBD1‐stabilized CFTR protein. Thermal stability of these constructs in detergent solution, as indicated by the unfolding temperature (T~m~), was determined by directly monitoring the protein\'s intrinsic fluorescence or by the fluorescence of an extrinsic dye (SYPRO‐orange) as a function of temperature. Unfolding occurred over a broad temperature range between 45‐75^o^C which is consistent with the sequential unfolding of several CFTR domains. Most NBD1‐stabilizing substitutions also increased the T~m~ of full‐length CFTR, and a positive correlation was observed between their respective unfolding temperatures (T~m~ ^)^. Still, a low‐temperature transition in the fluorescence signal at ˜10‐20^o^C is apparent in some data and if this represents an unfolding event in the protein, it may suggest that additional domains besides NBD1 need to be stabilized to further optimize CFTR stability. This work is supported by the Cystic Fibrosis Foundation Therapeutics.
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**ASSESSMENT OF CFTR THERMAL STABILITY BEFORE AND AFTER PURIFICATION**

[He, L.]{.ul} ^1^; Aleksandrov, L.^1^; Jensen, T.^1^; Sigoillot, M.^2^; Kousouros, J.^1^; Cui, L.^1^; Overtus, M.^2^; Grodecka, M.^2^; Laeremans, T.^3,4^; Pardon, E.^3,4^; Steyaert, J.^3,4^; Govaerts, C.^2^; Riordan, J.R.^1^ *1. Biochemistry & Biophysics, Marsico Lung Institute and Cystic Fibrosis Research Center, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA* *; 2. SFMB, ULB, Brussels, Belgium* *; 3. Structural Biology Brussels, Vrije Universiteit Brussels, Brussels, Belgium* *; 4. Structural Biology Research Center, VIB, Brussels, Belgium*

A major defect caused by the most common CF‐causing mutation F508del is the decreased thermal stability of NBD1 where F508 is located, and consequently of the full‐length F508del CFTR. Second‐site mutations that thermally stabilize NBD1 not only promote the maturation and thermal stability of F508del CFTR but also that of wild‐type CFTR, and these strategies have been used to increase the expression and maturation levels of CFTR for its purification and structural studies. Although progress has been made in the purification of more thermally stable CFTR, further improvement is still required to enable high resolution structural analyses. Current methods of monitoring CFTR thermal stability using the most informative biophysical methods such as differential scanning calorimetry require relatively large amounts of purified proteins at high concentrations. In this study, using an engineered cys‐less CFTR, we developed a maleimide fluorophore (DyLight800) binding assay to monitor changes with temperature of a single introduced cysteine using membranes from CFTR‐expressing cells. Using this method, we found that second‐site mutations in NBD1 and ATP binding increased the peak labeling temperature of 524C. We also found that nanobodies specific to NBD1 altered the temperature‐dependent labeling of 524C in cys‐less CFTR, corresponding to their effect on the thermal stability of isolated NBD1. Thus rapid screening of constructs was enabled prior to purification. To then follow the thermal unfolding of improved constructs with a biophysical assay (intrinsic tryptophan fluorescence), small amount of proteins were purified and scanned by nano‐differential scanning fluorimetry (Nano‐DSF) using a Prometheus NT.48 (NanoTemper Technologies). Using this instrument, we were able to determine the melting temperature (Tm) of full‐length CFTR and isolated NBD1 with a concentration as low as 0.1 mg/mL protein and 10 μL sample size. Second‐site mutations increased the Tm of full‐length CFTR as well as isolated NBD1, as previously determined using other techniques. In addition, nanobodies that bind to and thermally stabilize NBD1 increased the Tm of full‐length CFTR. Knowledge gained from this study will enable us to develop strategies to further thermally stabilize CFTR. (Supported by the NIH and CFF.)
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**COMPARING VARIOUS CFTR RESCUE ASSAYS REVEALS THE REQUIREMENT FOR NOVEL PRECISION MEDICINE AIRWAY MODELS THAT MEASURE ION AND FLUID TRANSPORT**

[Cholon, D.M.]{.ul} ^1^; Chaudhry, I.G.^1^; Quinney, N.^1^; Boyles, S.^1^; Mellnik, J.^2^; Gentzsch, M.^1^ *1. Marsico Lung Institute/Cystic Fibrosis Research Center, University of North Carolina, Chapel Hill, NC, USA* *; 2. Path BioAnalytics Inc., Chapel Hill, NC, USA*

**Introduction:** Cystic fibrosis (CF) research has made advances in developing therapeutics that modulate the CFTR protein, thereby correcting CFTR defects at the molecular level. Western blot analyses and chloride secretion studies using primary human bronchial epithelial cultures were considered the gold standard for measuring CFTR rescue. However, we observed discrepancies when comparing biochemical formation of mature CFTR with measurements of chloride and bicarbonate secretion in cultures with rescued mutant CFTR.

**Objective:** To apply an advanced spherical culture model that mimics ion and fluid movement of airway epithelia for measuring CFTR responses to pharmaceutical agents, and to compare these results with biochemical and functional data of planar cultures.

**Methods:** Cultures from CF patients with various rare CFTR mutations were treated with pharmaceuticals and CFTR rescue was assessed by 1) Western blot analyses to examine CFTR expression and maturation, 2) Ussing chamber measurements in KBR or chloride‐free conditions to analyze secretion of chloride and bicarbonate, and 3) swelling of 3D airway spheroid cultures, reflecting CFTR‐mediated ion and fluid transport.

**Results:** Rare CFTR mutations have varying responses to CFTR modulators. Comparison of biochemical and functional assays indicated that augmented levels of mature CFTR did not necessarily correspond with an increase in CFTR function. In cultures from CF patients expressing P67L, S1251N, G178R, R117H, or R347P mutations, maximal levels of CFTR function in Ussing chambers were obtained when treated with VX‐809 plus a low dose of VX‐770, while levels of mature CFTR protein varied for each mutant. Although these functional assays measure chloride secretion, CFTR also secretes bicarbonate. Rescue of bicarbonate secretion by P67L, S1251N, and G551D was strongly enhanced by VX‐770 in combination with VX‐809, and maximum bicarbonate secretion by the G178R mutant was obtained using VX‐809 combined with a high concentration of VX‐770. Thus, for certain mutations, CFTR modulators displayed different effects on chloride versus bicarbonate secretion. To determine which results are physiologically relevant, we used airway spheroids to conduct fluid transport assays. Airway spheroids from CF patients expressing G551D/F508del or S1251N/F508del showed an increase in swelling due to CFTR activity in response to VX‐770. Airway spheroids from CF patients homozygous for F508del/F508del were not significantly rescued by treatment with VX‐809. These results accurately correspond with the outcomes of CF patients receiving these therapies in the clinic, thus demonstrating that airway spheroids can be used as a precise preclinical model for identifying therapeutics specifically tailored for each CF patient.

**Conclusions:** Our data clearly indicate that neither the amount of mature protein nor chloride secretion can accurately predict rescue of rare CFTR mutations by pharmaceutical treatment. Spheroid swelling assays offer a superior outcome measure for precise pharmacological rescue of CFTR in CF patients.

Supported by NIH and CFF.
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**CHARACTERIZATION OF CRISPR/CAS9 EDITING OF TWO DIFFERENT CLASSES OF CYSTIC FIBROSIS MUTATIONS AND THEIR REPAIR BY TWO DISTINCT REPAIR MECHANISMS**

Krishnamurthy, S.^1^; Locke, T.^1^; Li, X.^1^; Yan, W.X.^2,3,4^; Ran, F.A.^2,3,4^; [Zhang, F.]{.ul} ^2,3,4^; Zabner, J.^1^; McCray, P.^1^ *1. Pediatrics, University of Iowa, Iowa City, IA, USA* *; 2. Broad Institute of MIT and Harvard, Cambridge, MA, USA* *; 3. Department of Brain and Cognitive Science, McGovern Institute of Brain Research, Cambridge, MA, USA* *; 4. Department of Biological Engineering, Massachusetts Institute of Technology, Cambridge, MA, USA*

Gene therapy holds promise for cystic fibrosis using approaches including gene addition or gene editing. Gene editing tools such as CRISPR/Cas9 offer the possibility of modifying the *CFTR* locus, and correction could persist if progenitor cells were modified. DNA double‐strand breaks can be introduced using CRISPR/Cas9 to either modify a specific locus by introducing insertions or deletions (indels) from repair by non‐homologous end joining (NHEJ) or to enhance homology‐directed repair (HDR) and obtain precise gene corrections by homologous recombination. We are investigating both strategies to evaluate repair of representative classes of *CFTR* mutations. An intron mutation in the *CFTR*, 3849+10Kb C\>T, creates a novel splicing donor site 10 kb into intron 22‐23. This mutation, therefore, is a candidate for disruption by NHEJ. In contrast, the deletion mutation in the exon 11 of *CFTR*, F508del, needs a repair template, in addition to CRISPR/Cas9 editing, to make precise replacement of the mutation with the correct wild‐type sequence. Here, we utilize single or dual *Staphylococcus pyogenes* (Sp) Cas9‐ and/or *Staphylococcus aureus* (Sa) Cas9‐specific single guide RNAs introduced by non‐viral or viral delivery to remove and or replace the deleterious mutation and effect repair by NHEJ or HDR. We screened 8 pairs of single guide RNAs (sgRNAs) (targeting indel 22‐23) and 10 single sgRNAs (targeting exon 11) to identify those that most efficiently introduced double‐strand breaks at these 2 regions of the gene. We next tested the efficacy of different delivery vectors by assessing the nature of indels, the indel efficiency, Cas9 expression, vector genome copy numbers, vector persistence and HDR efficiency in cell lines and primary airway epithelial cells. Our results demonstrate that both SpCas9 and SaCas9 genome editing can disrupt mutation and/or induce correction by HDR at different regions of *CFTR* locus.
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**THE C.1766+1G→A SPLICE SITE MUTATION CAUSES EXON 13 SKIPPING RESULTING IN MULTIPLE DEFECTS IN CFTR STRUCTURE AND FUNCTION**

[Cheng, Y.]{.ul} ^1,3^; Singh, A.K.^2^; Tse, C.^2^; Bridges, R.J.^1^ *1. Physiology and Biophysics, Rosalind Franklin University of Medicine and Science, North Chicago, IL, USA* *; 2. AbbVie, North Chicago, IL, USA* *; 3. Present address: Cystic Fibrosis Foundation Therapeutics, Lexington, MA, USA*

Splice site mutations account for 12% of the over 2000 CFTR gene mutations identified in cystic fibrosis (CF) patients. The c.1766+1G→A splice site mutation is one of the 16 most common CFTR mutations worldwide. In the CFTR2 global database, ˜0.6% of patients with CF have at least one c.1766+1G→A allele. However, the structural and functional defects of CFTR caused by this splice site mutation at the donor site of intron 13 remains unclear. In addition, the effects of F508del CFTR modulators on this CFTR splice site mutant are still unknown. To characterize c.1766+1G→A CFTR and explore potential therapeutic strategies, we studied heterologous primary hBE cells with the F508del and c.1766+1G→A CFTR mutations (patient code: CFBr002). RT‐PCR analysis indicated that this splice site mutation causes CFTR exon13 skipping (87bp), which results in a deletion of 29 amino acids from Arg560 to Ser589 in CFTR. This missing segment is located at NBD1 domain and contains the Walker B motif in the ATP binding site 1. These results are consistent with early reports by Strong, T.V. et al. (Hum Mutat, 1992;1:380‐7). Moreover, F508del and c.1766+1G→A CFTR genes in this heterozygous donor encoded Met470 and Val470, respectively. Equivalent TECC current studies indicated there were no effects of forskolin and F508del potentiators on these heterozygous primary hBE cells in the absence of F508del‐CFTR correctors. Compared to homozygous F508del‐CFTR primary hBE (patient code: CFFT028H), combined F508del correctors and potentiators have lower efficacy in CFBr002, suggesting that c.1766+1G→A CFTR has impaired chloride channel function.

To further investigate this splice site mutant, c.1766+1G→A CFTR was cloned into an expression vector, pcDNA3.1(+), and transfected into immortalized hBE (CFBE), FRT and HEK293 cells and stable cell lines expressing the c.1766+1G→A were established. Western blot analyses revealed only a weak Band B in the three c.1766+1G→A stable cell lines compared to WT‐CFTR expressing cells, suggesting the splice site mutant causes impaired biogenesis and maturation defects. Common F508del CFTR correctors (C7 (PTC124), C17, C18) and a series of AbbVie compounds (such as AC1, AC2a, AC2b, and AC2c) significantly increased c.1766+1G→A Band B, but did not produce Band C individually. However, a combination of two compounds, such as AC1/AC2c and C18/AC2c, resulted in the production of Band C in CFBEs, suggesting that these compounds work together to promote c.1766+1G→A CFTR maturation. The rescued band C protein could not be activated by forskolin or forskolin plus several different F508del‐CFTR potentiators, including VX‐770, PG‐01, and Genistein, implying c.1766+1G→A channel function is also defective. In conclusion, the c.1766+1G→A CFTR splice site mutation results in multiple defects including protein biogenesis, maturation and channel function.
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**CFTR FUNCTION IN CF PATIENT‐DERIVED AIRWAY CELLS WITH COMMON AND RARE MUTATIONS**

[Illek, B.]{.ul} ^1^; Zlock, L.^2^; Boecking, C.^2^; Green, B.^1^; Lefebvre, E.^1^; Bates, M.^1^; McGarry, M.E.^3^; Nielson, D.W.^3^; Finkbeiner, W.E.^2^ *1. Research Institute, UCSF Benioff Children\'s Hospital Oakland, Oakland, CA, USA* *; 2. Pathology, UCSF, San Francisco, CA, USA* *; 3. Pediatrics, UCSF, San Francisco, CA, USA*

Relevant cell culture models that recapitulate the functional properties of patient‐specific CFTR mutations are critical for personalized medicine approaches in cystic fibrosis (CF). Particularly valuable are functional cell models that can be propagated but conserve their ability to grow as well‐differentiated airway epithelia for personalized chloride transport measurements. Thirteen CF subjects with common and rare CFTR mutations provided airway cell samples from nasal or tracheobronchial tissues. Three CF individuals were genotypically characterized by carrying the common F508del mutation on both alleles (F508del/F508del), four CF individuals had a rare CFTR mutation on the other allele (F508del/3905insT, F508del/1154insTC, F508del/Y563N, F508del/A455E), and six CF individuals had two rare CFTR mutations on both alleles (G551D/Y1092X, G542X/3849+1kb C‐\>T, V520F/1717‐1G‐\>A, G85E/1717‐1G‐\>A, G542X/1248+1G‐\>A, W1282X/W1282X). Primary CF cells were cultured in presence of Y‐27632 Rho kinase inhibitor and irradiated 3T3 murine fibroblasts to induce a proliferative state (CF‐CRC). Cell numbers were expanded through serially passages, seeded (5x10^5^ cells/cm^2^) onto Snapwell inserts, and grown at an air‐liquid interface to induce differentiation. The activation of mutant CFTR Cl^‐^ currents by a small molecule potentiator (VX‐770) and corrector (VX‐809) was studied by measuring the acute responsiveness to forskolin and VX‐770 (1μM) followed by CFTR inhibitor 172 (50 μM). CF‐CRCs from three CF patients homozygous for F508del responded to VX‐770 acutely at passages 0, 1, 2, 3, 4, and 10 but showed a trend to decline at passage 10. Prior treatment with VX‐809 (3 μM, 12‐24 h) enhanced F508del‐CFTR currents ˜2‐fold. Responsiveness to VX‐770 was detected in CF‐CRCs from three patients carrying the F508del mutation on one allele and included F508del/3905insT, F508del/1154insTC and F508del/Y563N, whereas no response was found in one patient who carried the F508del/A455E genotype even after treatment with VX‐809. Responsiveness to VX‐770 was detected in two CF patients who carried rare CF mutations on both alleles and included the stop mutation Y1092X (G551D/Y1092X) and the splice mutation 3849+10kb C‐\>T (G542X/3849+10kb C‐\>T); enhancement by VX‐809 was also observed. In contrast, no responsiveness to VX‐770 was found for the splice mutation 1717‐1G‐\>A in two CF patients carrying V520F/1717‐1G‐\>A or G85E/1717‐1G‐\>A. Similarly, no responsiveness was found for 1248+1G‐\>A in a patient with the G542X/1248+1G‐\>A genotype and a patient homozygous for the stop mutation W1282X. The limited numbers of CF patient‐derived cells can be expanded through conditional reprogramming and used to assess efficacy of CFTR‐targeted compounds. These data suggest the utility of CRCs for personalized ion transport measurements in Ussing chambers and demonstrate responses to small‐molecule potentiators (VX‐770) and correctors (VX‐809) for a selected number of rare CF genotypes. Supported by Cystic Fibrosis Foundation ILLEK15G0 (BI), RDP‐R613 (MM, DN, WF), NIDDK P30‐DK072517 (DN,WF), NIGMS T32‐GM007546 (MM), and Elizabeth Nash Foundation.
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**EFFECT OF FOUR SETS OF DISTINCT MODULATORS ON NON‐F508DEL MUTATIONS THAT CAUSE CYSTIC FIBROSIS**

Bhatt, P.; Bailey, V.; Dasgupta, A.; Chin, J.; An, W.; Bresilla, C.; Kwok, I.; Cole, B.M.; Fitzpatrick, R.; [Krouse, M.E.]{.ul} *Flatley Discovery Lab, Charlestown, MA, USA*

**Background**: More than 2000 *CFTR* mutations have been identified. Many of these mutations result in loss of Cl^‐^ transport. This loss can be due to reduction in quantity or function of CFTR channels. Therapeutic intervention with small molecule modulators, including correctors and potentiators restores Cl^‐^ transport activity to F508del CFTR and potentially many other mutations.

**Method**: FDL‐initiated testing of 4 distinct sets of modulators, classified by possible mechanism of action, on various CF‐causing mutations expressed in FRT cells, including three corrector sets (CS1‐3) and one potentiator set (PS1). All 4 sets increase Cl^‐^ current as single agents or in combination, as measured in the Ussing chamber or equivalent current assay, in F508del CFhBE cells. So far we have compared the effect of these modulators on class 2 (N1303K, G85E‐V470, R560T, E92K, F508del) and class 4 (R117H) mutations in electrophysiology and Western blot assays in stable cell lines kindly provided by UAB and the CFF. The mRNA levels for these non‐stop mutations are equivalent. Correctors were added 24 hours prior to the experiment and the responses were measured as increases in Cl^‐^ current after stimulating with forskolin and a potentiator. Fold(x) increase over baseline, i.e. DMSO‐treated uncorrected cells are reported.

**Results:** CS1 has a range of effects in the tested mutations. CS1 had the largest effect on E92K, almost 100x increase in Cl^‐^ current. CS1 also increased Cl^‐^ current in N1303K (2.5x), and R117H (1.9x). CS2 increased F508del (3.6x), N1303K (3x), R117H (1.6x), and E92K (3.3x). Both CS1 (1.9x) and CS2 (1.6x) produced an increase in R117H cells alone but CS1 + CS2 did not produce an additional increase. CS3 had no effect on any of the mutations tested except F508del (1.2x). However, when CS3 was used in combination with CS1 in E92K, it showed a 1.9x increase in response over CS1 alone. The PS1 response (percent increase produced by acute addition of PS1 compared to the forskolin steady state) ranged from 210% (F508del) to 0% (R560T). We have also measured the uncorrected CFTR protein expression using Western blot assays. All mutations have a visible band B, with E92K and R560T having the lightest bands and N1303K having the darkest band B. Band C is not visible for any mutation except for a very light band C for F508del and R117H. This is in agreement with the electrophysiology data where R117H and F508del gave the largest forskolin response in uncorrected cells.

**Summary:** All 4 modulator sets increase the Cl^‐^ current in F508del CFhBE cells. CS1 modulators had a larger \[relative\] effect on E92K. R560T had the smallest uncorrected Cl^‐^ current increase, did not increase with any modulator set alone or in combination, and no inhibitor response was seen, suggesting there was no mature CFTR present. In N1303K, all 4 modulators increased Cl^‐^ current, however the uncorrected Cl^‐^ current was very low and, after correction, was 4‐fold less than F508del uncorrected current.

**Conclusion:** These results show that the in vitro effect of different CFTR modulators on F508del CFTR correlate poorly with the effect on other mutations, including other class 2 mutations.
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**IS SEVERE ASTHMA A CFTR‐RELATED DISORDER?**

[Riolo, G.]{.ul} ^1^; Dai, C.E.^1^; Rodrigues, K.^1^; Day, A.G.^2^; Lougheed, D.M.^1^ *1. Respirology, Queen\'s University, Kingston, ON, Canada* *; 2. Kingston General Hospital Research Institute, Kingston, ON, Canada*

**Rationale:** An entity with cystic fibrosis transmembrane conductance regulator (CFTR) dysfunction that does not fulfill cystic fibrosis (CF) criteria is known as a CFTR‐related disorder (CFTR‐RD). While it is recognized that CF may mimic severe asthma (SA), it is not known whether some SA patients have a CFTR‐RD.

**Purpose:** To compare clinical features (bronchiectasis, rhinosinusitis, nasal polyposis), pulmonary function tests (PFTs), sweat chloride values and *CFTR* mutations in patients for CF as part of an evaluation of known or suspected SA.

**Methods:** This is a retrospective observational study of individuals assigned a billing code "asthma," assessed in tertiary care clinics in Kingston, Canada between January 1, 2010 and December 31, 2012. Those with suspected CF were assessed with sweat chlorides and genotyped for common *CFTR* mutations. Clinical features, PFTs and laboratory tests were compared between those found to have CF, CFTR‐RD and nondisease causing mutations.

**Results:** 314 charts were abstracted. *CFTR* genotyping was assessed in 24 (8%) patients, and *CFTR* mutations were detected in 20 patients (see Table). Ten patients (50%) met criteria for CF or CFTR‐RD. While most patients with CFTR‐RD had borderline sweat chloride values, 2 patients (20%) diagnosed with either CF (n=1) or CFTR‐RD (n=1) had sweat chloride values \< 30 mmol/L. One case had sweat chlorides between 30‐59 mmol/L and a positive nasal potential difference. Another CF case had 2 sweat chlorides \<30 mmol/L, and genotyping revealed 2 disease‐causing mutations.

**Conclusion**: Investigations for CF were completed commonly in the evaluation of SA. CF genotyping uncovered a high prevalence of CF and CFTR‐RD in this cohort. Notably, cases of CF, CFTR‐RD, and nondisease‐causing mutations, were detected in those with sweat chlorides below the borderline range. The clinical relevance of nondisease‐causing mutations in SA patients merits further investigation.

![](PPUL-51-S194-g001.jpg "ppul23576-gra-0001")

Reported as mean±SD (range) or n (%).

p‐values compare CFTR‐RD to CFTR nondisease‐causing by Fisher\'s exact test except for age and FEV1%, two‐sample t‐test was used.

\* CFTR‐RD as per Bombieri C, et al. J Cyst Fibros. 2011;10:S86--S102.

†Obstruction based on FEV1/FVC \< 0.70.

††Obstruction based on FEV/FVC \<LLN, Lougheed MD, et al. Can Respir J. 2012;19:127‐64. †††Defined as per Chung KF, et al. Eur Respir J. 2014;43:343--73.
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**TARGETING THE PI3K/AKT/MTOR SIGNALING PATHWAYS IN CYSTIC FIBROSIS**

[Reilly, R.]{.ul} ^1^; Mroz, M.^2^; Dempsey, E.^1^; Shields, S.^1^; Wynne, K.^1^; McKone, E.F.^3^; Hiebel, C.^4^; Behl, C.^4^; Coppinger, J.^1^ *1. School of Biomolecular and Biomedical Science, Conway Institute, Dublin, Ireland* *; 2. Medicine, Molecular Medicine, Beaumont Hospital, Dublin, Ireland* *; 3. St. Vincent\'s University Hospital, National Referral Centre for Adult Cystic Fibrosis, Dublin, Ireland* *; 4. Medical Centre of Johannes Gutenberg, Institute for Pathobiochemistry, Mainz, Germany*

**Background:** Defects in cystic fibrosis transmembrane conductance regulator (CFTR) are a major cause of cystic fibrosis (CF). The most common defect is a trafficking mutant resulting from a deletion of phenylalanine at position 508 (ΔF508‐CFTR). ΔF508‐CFTR is retained in the endoplasmic reticulum (ER) and is unable to be processed for plasma membrane insertion. Efforts to enhance exit of ΔF508‐CFTR from ER and improve its trafficking to the plasma membrane are of utmost importance for the development of treatment strategies. This work addresses the underlying cause of the disease by identifying a novel signaling pathway associated with the ΔF508‐CFTR protein.

**Methods:** WT‐ and ΔF508‐CFTR and their interacting proteins were isolated from bronchial epithelial cells using immunoprecipitation (IP). Proteomic analysis was performed on the resultant IPs. Bioinformatics analysis was undertaken and biological validation was performed using techniques such as immunoprecipitation and immunoblotting. Biochemical and imaging techniques assessed CFTR export and expression post‐perturbation with a selection of PI3K/AKT/mTOR (PAM) inhibitors.

**Results:** Global bioinformatics analysis revealed unique protein profiles between WT‐ and ΔF508‐CFTR interactomes. We identified 600 individual high‐confidence CFTR interactors. Using pathway analysis we identified mTORC1/2 signaling to be associated with ΔF508‐CFTR in CF cell models. Furthermore inhibition of the PI3K/AKT/mTOR (PAM) pathways with eight inhibitors targeting different elements of the pathway demonstrated an increase in CFTR stability and expression. It was also found that inhibition of PAM resulted in an increase in chloride ion transport across the plasma membrane confirming that there was an improvement in CFTR functionality. Two PAM inhibitors in particular have exhibited a strong improvement in CFTR stability. Mechanistically, we have shown these two inhibitors strongly restore functional autophagy, hence aiding the clearance of the CFTR misfolded protein.

**Conclusion**: These data further link impaired CFTR trafficking to autophagy deficiency. CF features the build‐up of truncated protein and is deficient in autophagy so therapeutics that target this pathway are of great interest. This provides potential of PAM pathways for therapeutic targeting in CF.

Supported by the Science Foundation of Ireland.
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**18**

**ANTISENSE OLIGONUCLEOTIDE‐MEDIATED UPREGULATION OF CFTR VIA STERIC BLOCK OF POST‐TRANSCRIPTIONAL CONTROL ELEMENTS: A NOVEL APPROACH FOR CYSTIC FIBROSIS THERAPEUTICS**

[Waghray, S.]{.ul}; Zhao, C.; Crosby, J.; Monia, B.P.; Guo, S. *Ionis Pharmaceuticals, Carlsbad, CA, USA*

**Introduction:** Cystic fibrosis (CF) is caused by mutations in CFTR that decrease protein production and function of the chloride channel. Mutations in CFTR most severely affect the lung, causing a build‐up of mucus and increased susceptibility to infection. As a result, lung disease is the leading cause of morbidity and mortality in CF patients. While many symptomatic treatments exist, quality of life and life expectancy for CF patients are low, and better therapies to improve CFTR expression and function are needed. Thus, we have developed an approach to upregulate CFTR expression using antisense oligonucleotide (ASO) treatment.

ASOs are a therapeutically proven approach to drug discovery for diseases with a genetic basis. They are often used to decrease protein expression via targeted RNase H‐mediated degradation of mRNA. ASOs have also been used as steric blocks of splicing factors and regulatory elements to increase mRNA and protein expression (Ward AJ, et al. Nucleic Acids Res. 2014;42:5871‐9, Kole R, et al. Nat Rev Drug Discov. 2012;11:125‐40). ASOs can be effectively delivered to various lung cell types by aerosol inhalation (Crosby JR, et al. J Pharmacol Exp Ther. 2007;321:938‐46).

The human CFTR mRNA is a 6 kb transcript with many putative regulatory sites. In many cell types and tissues, wild‐type CFTR mRNA and protein expression are not correlated, suggesting that CFTR may be tightly regulated at the mRNA level and could therefore be a good target for ASO‐mediated upregulation.

**Objective:** To identify ASOs that can block inhibitory elements, such as miRNA sites, in the CFTR transcript and thus increase CFTR protein expression and function. The eventual goal is to develop aerosol‐delivered ASOs for therapeutic treatment of cystic fibrosis.

**Methods:** mRNA expression levels were measured via qPCR. To assay for upregulation of CFTR protein expression, we initially used Western blots and are currently developing an optimized 96‐well In‐cell Western approach in conjunction with an On‐cell Western approach to increase throughput and discriminate between surface and whole‐cell CFTR expression. As an alternative method of validation, we will use a CFTR ELISA described in Mendoza JL, et al. Cell. 2011;148:164--74. In parallel, we are developing assays to monitor CFTR channel function in a high‐throughput manner.

**Results:** We have identified potential structural elements, RNA‐binding elements and miRNA sites in the CFTR transcript that may affect its translation. ASOs to block these sites and other previously identified regulatory elements have been designed and are under evaluation. Preliminary data by Western blot suggests that ASO inhibition of 5\' structural elements and the known upstream open reading frame increases protein expression by 2‐ to 4‐fold.

**Conclusions:** Our preliminary data demonstrates that ASO‐mediated upregulation of CFTR presents a promising and novel approach to the development of therapeutics for CF.

**Acknowledgements:** This work is supported by the Cystic Fibrosis Foundation and Ionis Pharmaceuticals, Inc.
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**MEASURING POTENTIATOR ACTIVITY USING ORGANOIDS**

Musch, S.^1^; Ramalho, A.^2^; Van der Plas, S.^1^; Andrews, M.^1^; Christophe, T.^1^; Nelles, L.^1^; De Boeck, C.^2^; [Conrath, K.]{.ul} ^1^ *1. Galapagos, Mechelen, Belgium* *; 2. Katholieke Universiteit Leuven, Leuven, Belgium*

To overcome the most prevalent defects leading to cystic fibrosis, two biomolecular activities are required, namely correctors to increase CFTR levels at the cell surface and potentiators which allow the effective opening of the CFTR channel. Combined, these activities allow chloride ion transport yielding improved hydration of the lung surface. We are developing a series of compounds capable of performing these roles.

We already described the characterization of GLPG1837, derived from a previously disclosed potentiator series. GLPG1837 has progressed to Phase 2 clinical trial to determine safety, tolerability and activity in patients harbouring a G551D or S1251N CFTR mutation. Here, the further characterization of the potentiator is shown using patient‐derived organoids.

The focus is on G551D/F508del‐derived and S1251N/F508del‐derived patient organoids from rectal biopsies. The assay development using organoids is presented as well as the data generated using our potentiators. S1251N‐derived organoids have some residual CFTR activity, which is completely absent in G551D‐derived organoids. Forskolin titration is done in organoids containing the different mutations to determine the optimal concentration for assessment of potentiator activity.

Our data show a good correlation between the data obtained in YFP halide assays and in organoids. In the case of G551D, a good correlation is also seen when using patient‐derived primary bronchial epithelial cells and organoids from G551D/F508del heterozygous patients.

In summary, we present the development of assays using patient‐derived organoids and the data obtained using GLPG1837 across assays.
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**CHARACTERIZATION OF A NOVEL POTENTIATOR SERIES FOR TREATING CYSTIC FIBROSIS**

Andrews, M.^1^; Van der Plas, S.^1^; Gees, M.^1^; Vandevelde, A.^1^; Musch, S.^1^; Verdonck, K.^1^; Foolen, N.^1^; Christophe, T.^1^; Singh, A.K.^2^; Tse, C.^2^; Nelles, L.^1^; [Conrath, K.]{.ul} ^1^ *1. Galapagos, Mechelen, Belgium* *; 2. AbbVie, Chicago, IL, USA*

To address the most prevalent defects leading to cystic fibrosis, molecules with two biomolecular activities are required; correctors to increase CFTR levels at the cell surface and potentiators to allow the effective opening of the CFTR channel. Combined, these activities allow chloride ion transport yielding improved hydration of the lung surface. Here, we report the characterization of a novel series of potentiators and the combination of these with corrector(s).

GLPG2451 represents a potentiator from a new series distinct from GLPG1837. Improving potency in the F508del YFP assay was matched by improvement in the ADME and PK profiles, with good exposure in vivo found for several compounds within the series. All compounds tested were able to open channels from the different mutants in an efficient manner. This was determined in YFP halide assays using other class III and IV CFTR mutants, performed by transient transfection of the CFTR mutant in HEK293 cells with iodide influx measured after addition of forskolin and potentiator. For several class III mutants, the maximal opening of the mutant channel exceeded that of VX‐770 (which was used as comparator in the assay), and was similar to iodide influx levels observed with GLPG1837 (currently in Phase 2 clinical study).

Multiple compounds from the series exhibited strong, dose‐dependent activity in transepithelial clamp circuit measurements (TECC). Primary epithelial cells derived from F508del homozygous patients were first corrected with either GLPG2222 alone or GLPG2222 plus a next‐generation corrector in order to increase the level of F508del CFTR at the plasma membrane. As predicted by the YFP halide assay results, this rescued F508del CFTR can then be opened in a dose‐dependent manner with compounds from the series.

In summary, we describe the identification of a second‐generation potentiator series with very good channel opening activity. From this series, GLPG2451 was identified and is currently entering clinical trials.
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**CFTR MATURATION AUGMENTED BY S‐NITROSOTHIOLS INVOLVES CHIP**

Holloway, K.^1^; Hussain, F.^1^; Zeinomar, M.^1^; Sawczak, V.^1^; Li, Y.^1^; Raffay, T.^1^; Smith, L.^1^; Sun, F.^2^; Cotton, C.^1^; Kelley, T.^1^; Lewis, S.^1^; Gaston, B.^1^; [Zaman, K.]{.ul} ^1^ *1. Pediatrics, Case Western Reserve University, Cleveland, OH, USA* *; 2. Physiology, Wayne State University, Detroit, MI, USA*

S‐Nitrosoglutathione (GSNO) and other S‐nitrosothiols are endogenous cell signaling compounds that have potential relevance to cystic fibrosis (CF) and other human lung diseases. S‐nitrosylation signaling is metabolically regulated and it is often disordered in pulmonary diseases including CF. GSNO levels are low in the CF airway, in part because of increased expression of GSNO reductase (Zaman K, et al. Am J Physiol Lung Cell Mol Physiol. 2016;310:L263‐70). Co‐chaperone C‐terminus Hsc70 interacting protein (CHIP), an E3 ubiquitin ligase, helps to target improperly‐folded CFTR for degradation (Younger M, et al. J Cell Biol. 2004;167:1075‐85). CHIP is of particular interest to our research because it co‐localizes with CFTR and interacts with the chaperones Hsc70, Hsp70, Hsp90, and co‐chaperone Hop. CHIP has eight cysteine residues, and has the potential to act as an S‐nitrosylation motif. We have previously shown that an active site cysteine in another E3 ubiquitin ligase, protein von Hippel Lindau, is inhibited by S‐nitrosylation (Palmer L, et al. JCI 2007;117:2592‐601). Therefore, we hypothesized that CHIP could be modified by GSNO to prevent CFTR degradation. Furthermore, inhibition of the expression and function of CHIP, Hsc70, Hsp90 and Hop by S‐nitrosothiols could not only improve CFTR expression and maturation, but also may affect its cell surface stability (Oklyoneda T, et al. Science. 2010;329:805‐10). Here, we found that CHIP is expressed in CFBE41o^‐^ cells expressing both F508del and wild‐type CFTR. Our study showed that 10 μM GSNO significantly decreases CHIP expression after 4 hours (4.0‐fold, and 3.6‐fold respectively, p\<0.002). To characterize further the interaction of CHIP with CFTR, we knocked down endogenous CHIP with 50 nM of CHIP siRNA duplexes. 48 h after transfection, the level of CHIP was decreased (3.5‐fold, p\<0.002), and this produced an increase in levels of immature and mature forms of F508del CFTR (1.5‐fold and 1.8‐fold). However, in the presence of GSNO, the increase of F508del CFTR maturation was more significant (1.8‐fold and 2.8‐fold, p\<0.005). In addition, we demonstrated that GSNO S‐nitrosylated CHIP in a concentration‐dependent manner. To confirm that F508del CFTR is expressed on this cell surface following knockdown with siRNA CHIP, we performed cell‐surface labeling. After CHIP knockdown, levels of full F508del CFTR maturation on the cell surface increased (2.1‐fold, p\<0.002). However, the presence of GSNO ensured that the increase of CFTR maturation was more pronounced (3.4‐fold, p\<0.005). Of note, the proteosome inhibitor MG132 prevented depletion of cellular CHIP levels after GSNO treatment (2.4‐fold, p\<0.005), and GSNO‐treated cells have less‐ubiquitinated CFTR (3.4‐fold, p\<0.001) than GSNO‐untreated cells, suggesting that S‐nitrosylation of CHIP inhibits CFTR ubiquitination by targeting CHIP for degradation and/or inhibiting CHIP function. We believe our observations will offer a novel approach in identifying the key mechanism by which S‐nitrosothiols S‐nitrosylate CHIP so as to increase CFTR maturation and prolong F508del CFTR cell‐surface expression. Supported by the NIH.
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**UPREGULATION OF CFTR WITH NONSENSE MUTATIONS BY PROMOTING PTC READ‐THROUGH OR MODULATING THE NONSENSE‐MEDIATED DECAY PATHWAY WITH ANTISENSE OLIGONUCLEOTIDES**

[Keenan, M.M.]{.ul}; Huang, L.; Guo, S.; Monia, B.P. *Antisense Drug Discovery, Ionis Pharmaceuticals, Inc, Carlsbad, CA, USA*

**Introduction**: Antisense oligonucleotide (ASO) therapeutics is an established platform for drug development. Through an RNase H mechanism, ASO treatments can downregulate their target mRNAs, or, through steric blocking mechanisms, target mRNAs can be upregulated. There are 58 documented nonsense mutations in CFTR that are known to cause cystic fibrosis. Nonsense mutations generate premature termination codons (PTCs) that subject the CFTR transcript to degradation through the nonsense‐mediated decay (NMD) pathway. We will employ three strategies to upregulate expression of nonsense mutated‐CFTR (nmCFTR): blocking the deposition of exon junction complexes downstream of PTCs; blocking NMD‐initiating mRNA cleavage by SMG6; and downregulating NMD and translation termination factors through an RNase H mechanism. Therapeutic strategies that promote PTC read‐through or modulate NMD pathways have the potential to generate a functional or partially functional CFTR protein, thereby providing benefit to CF patients.

**Objective**: To identify ASOs that upregulate nmCFTR by promoting PTC read‐through or through modulation of the NMD pathway for the establishment of a new therapeutic strategy for CF.

**Methods**: The ASOs for each strategy will be initially screened in cell culture models in vitro for their ability to upregulate CFTR. For steric blocking, two different ASO chemistries will be tested. Standard high‐throughput screening will identify oligos with gapmer chemistry to active RNase H cleavage. In order to activate NMD, expression mini‐genes, which include portions of the introns flanking the exons with nonsense mutations, are being constructed in collaboration with Cystic Fibrosis Foundation Therapeutics. The mini‐genes include reporter systems so that, in stable cell lines expressing these mini‐genes, high‐throughput luminescence assays serve as the readout for changes in CFTR expression. For ASOs with effective increases in luminescence, qPCR, intracellular and plasma‐membrane localized protein expression and channel conductance will be measured to evaluate their effects on CFTR. We will screen ASOs relevant to four CFTR nonsense mutations (Y122X, G542X, R553X and W1282X) in vitro to determine if they can upregulate the expression of functional CFTR. Eventually, top ASOs will be tested for CFTR upregulation in mouse models of CF.

**Data**: Proof of concept data showed upregulation of a PTC‐containing beta‐globin transcript reporter after ASO treatment targeting NMD factors. siRNA treatments targeting NMD and translation termination factors showed enhanced read‐through of a nmCFTR reporter system in vitro, and showed synergism with G418 treatment. Considering this positive preliminary data, ASOs are being synthesized for each of the described strategies to upregulate nonsense mutated CFTR.

**Conclusions**: ASO modulation of PTC read‐through or the NMD pathway may be able to upregulate functional protein production from CFTR with nonsense mutations.

This work is supported by The Cystic Fibrosis Foundation and Ionis Pharmaceuticals, Inc.
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**CHARACTERIZATION OF NOVEL CFTR POTENTIATORS**

Conrath, K.^2^; Swensen, A.^3^; Gees, M.^2^; Verdonck, K.^2^; Van der Plas, S.^2^; Andrews, M.^2^; [Hwang, T.]{.ul} ^1^ *1. Medical Pharmacology and Physiology, University of Missouri, Columbia, MO, USA* *; 2. Galapagos, Mechelen, Belgium* *; 3. AbbVie, Chicago, IL, USA*

Using YFP‐based high‐throughput screening assay, we identified novel compounds that can potentiate cAMP‐dependent activity of low temperature‐rescued F508del CFTR in CFBe41o‐ cells. A series of reagents was developed further, with improvement in the potency of compounds down to \<10nM for a number of new analogues.

These compounds were profiled in additional YFP halide assays using other class III and IV CFTR mutants. These assays were performed by transient transfection of CFTR mutant in HEK293 cells and iodide influx was measured after addition of forskolin and potentiator. All compounds tested were able to open channels from the different mutants in an efficient manner. For several class III mutants, the maximal activity of the mutant channel exceeded that of VX‐770‐treated channel (which was used as comparator in the assay) with iodide influx up to 250% of the maximum obtained by VX‐770. Furthermore, our compounds showed higher potency compared to VX‐770 in the same assay. A broad set of compounds was evaluated in parallel on low temperature‐rescued F508del CFTR and G551D CFTR and a good correlation between potencies in these two assays was observed.

One of the compounds (GLPG1837) was characterized in detail with the patch‐clamp technique. In inside‐out patches excised from CHO cells transiently expressing WT, G551D or F508del CFTR, applications of the compound resulted in reversible potentiation of the activity of the channels pre‐activated with protein kinase A and ATP. For WT CFTR, the *P* ~*o*~ in the presence of 3 mM GLPG1837 is 0.78 ± 0.03 (n = 9) with open time (t~o~) and closed time (t~c~) constants of 1479 ± 387 ms and 292 ± 26 ms respectively, a result compatible with those seen with VX‐770 (Jih KY, Hwang TC. Proc Natl Acad Sci USA. 2013;110:4404‐9). However, a 27.5 ± 3.0 fold increase of macroscopic G551D CFTR currents was observed (˜10 fold for VX‐770 in Jih and Hwang, 2013). For F508del, the *P* ~*o*~ was dramatically increased to 0.55 ± 0.05 (n = 9) with t~o~ = 3290 ± 819 ms and t~c~ = 2182 ± 516 ms.

In summary, further characterization of recently identified novel potentiators was performed confirming the increased channel opening observed in primary cells using patch clamp.
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**ELECTROSTATIC TUNING OF CFTR\'s OPEN CHANNEL CONFORMATIONS UPON ATP HYDROLYSIS**

[Hwang, T.]{.ul} ^1,2^; Zhang, J.^2^ *1. Medical Pharmacology and Physiology, University of Missouri, Columbia, MO, USA* *; 2. Department of Biological Engineering, University of Missouri, Columbia, MO, USA*

Coupling of ATP hydrolysis at CFTR\'s nucleotide binding domains (NBDs) and gating transitions in its transmembrane domains (TMDs) is an operational hallmark for this transporter‐turned ion channel, whose defective function is responsible for cystic fibrosis. Exactly how this coupling occurs remains debated, but previous reports of a charge‐neutralization mutation in CFTR\'s 6th transmembrane segment (R352C or Q in TM6) enable direct visualization of ATP hydrolysis‐driven gating transitions due to the existence of two distinct open‐channel conductance levels (smaller O~1~ and larger O~2~), and a preferred pattern of C‐‐\>O~1~‐‐\>O~2~‐‐\>C transition over C‐‐\>O~2~‐‐\>O~1~‐‐\>C, which indicates a violation of microscopic reversibility and hence demands an input of free energy likely from ATP hydrolysis. While cysteine scanning CFTR\'s 5th TM (TM5) with negatively charged 2‐sulfonatoethyl methanethiosulfonate (MTSES^‐^), we also found two open‐channel conductance levels for N306C/Cysless‐CFTR after MTSES^‐^ modification with the same preferred gating topological pattern of C ‐‐\> O~1~ ‐‐\> O~2~ ‐‐\> C. Similar phenotypes were observed with N306D‐ or N306E‐CFTR, suggesting that introducing a negative charge at this very position confers this unique behavior. Whereas R352Q/C and N306D/E are mutations with a net subtraction of a positive charge in the internal vestibule of CFTR\'s pore, even with the net charge unaltered, by altering the position of endogenous positively charged side chains at R303 and R352 along TM5 and TM6 respectively, we could observe similar O~1~‐O~2~ states and asymmetrical gating transitions, indicating that the position of the charge in the inner vestibule also affects sub‐conductance. To further understand the structural/biochemical mechanism underpinning this hydrolysis‐driven O~1~ to O~2~ transition, we examined the effects of channel‐permeant blocker SCN^‐^ and channel‐impermeant blocker MOPS^‐^ on O~1~ and O~2~ states. While these two states show indistinguishable sensitivity to SCN^‐^ block, MOPS^‐^ blocks the O~1~ state more than it does to the O~2~ states when the net charge of the inner vestibule is unchanged or increased. Unexpectedly however, when the net charge in the internal vestibule of CFTR\'s pore is decreased, this differential sensitivity to MOPS^‐^ block no longer exists. A two‐step blocking mechanism is proposed to explain the differential responses of pre‐hydrolytic and post‐hydrolytic open states to MOPS^‐^ blocking: MOPS^‐^ first docks to the inner vestibule of pore before it sojourns deeper into the pore. Furthermore, we propose, based on what we know about the gating conformational changes in CFTR, that the internal vestibule is expanded during O~1~ to O~2~ transition so that the mutation‐induced charge perturbations cause a diminished electrostatic attraction or repulsion to the MOPS^‐^ from the internal vestibule in the O~2~ state. This expansion of the internal vestibule during ATP hydrolysis also explains why the single‐channel conductance of the O~2~ state is higher than that of the O~1~ state. Collectively, the current study not only affirms and perhaps generalizes the O~1~‐O~2~ phenotype, but also provides a large toolbox for future mechanistic studies of CFTR gating by ATP hydrolysis.
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**A HIGH‐THROUGHPUT SYSTEM TO INTERROGATE NBD1 FOLDING INTERMEDIATES**

[Shishido, H.]{.ul} ^1,2^; Yang, Z.^1^; Skach, W.R.^1,3^ *1. Department of Biochemistry and Molecular Biology, Oregon Health & Science University, Portland, OR, USA* *; 2. CFFT Lab, Cystic Fibrosis Foundation Therapeutics, Lexington, MA, USA* *; 3. Cystic Fibrosis Foundation, Bethesda, MD, USA*

Cystic fibrosis (CF) is caused by loss of CFTR expression due to gene mutations that decrease protein synthesis, stability, trafficking, chloride conduction, and/or altered channel gating. The efficiency of NBD1 folding is a limiting factor in CFTR trafficking and a major cause of misfolding by disease mutations. The most common mutation worldwide is ΔF508, which decreases NBD1 folding efficiency (in cells), and thermodynamic stability (in vitro). If F508del NBD1 is able to fold, however, it traffics to the plasma membrane and partially restores chloride transport. Unfortunately, there are few small molecules that specifically target NBD1. Lumacaftor, which partially restores CFTR folding and trafficking, must be present during synthesis for maximal effect, suggesting that it acts by facilitating proper folding of one or more transient biosynthetic intermediates. Understanding and manipulating the cotranslational NBD1 folding pathways therefore provides a potential approach for CFTR correction. To address these challenges, we isolated ribosome nascent chain complexes (RNCs) and measured FRET between donor and acceptor fluorophores that were incorporated into NBD1 during its synthesis to define the NBD1 cotranslational folding pathway (Khushoo A, et al. Mol Cell. 2011;41:682‐92 and Kim SJ, et al. Science. 2015;348:444‐8). These studies revealed a highly orchestrated sequential folding pathway that depends on biosynthetic machinery, translation rate, and primary sequence. To overcome low concentrations of RNCs obtained from in vitro translation systems (1‐5 nM), RNCs were immobilized on Nickel‐NTA/IDA beads to increase the effective local concentration and enable quantitative fluorescence measurements via high‐content microscopic imaging. This system allowed rapid assessment of nascent polypeptide folding and was scalable for high‐throughput screening in 384‐well format. Bead imaging provided exceptional sensitivity that allowed detection of attomol quantities of protein (6 x 10^5^ molecules/bead), and high degree of reproducibility (Z\' score of 0.6‐0.8). Quantitative imaging of immobilized RNCs allowed interrogation of (i) length‐dependent structural changes of cotranslational folding intermediates at virtually any stage of synthesis, (ii) nascent protein folding in ribosome attached and released states, (iii) structural effects of disease‐associated mutations, and (iv) correction of these defects by complementary genetic manipulation. Moreover, RNCs isolated from cell‐free translation reactions are stable at room temperature and amenable to cryopreservation, enabling scaling efforts needed for screening consistency. These results therefore provide a novel platform to identify small molecules that interact with de novo folding intermediates as well as full‐length protein, while avoiding problems associated with large‐scale purification of unstable or low‐yield substrates. (Supported by CFF, NIH, and ALA.)
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**NOVEL POTENTIATORS OF CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR IDENTIFIED WITH PHARMACOPHORE MODELING AND EXPERIMENTAL SCREENING**

[Cui, G.]{.ul} ^1^; Khazanov, N.^2^; Imhoff, B.^1^; Senderowitz, H.^2^; McCarty, N.A.^1^ *1. Emory University, Atlanta, GA, USA* *; 2. Department of Chemistry, Bar‐Ilan University, Ramat‐Gan, Israel*

Cystic fibrosis (CF) is caused by loss‐of‐function mutations in the cystic fibrosis transmembrane conductance regulator (CFTR) Cl^‐^ channel. Increasing evidence suggests that CFTR dysfunction is also a significant contributor to chronic obstructive pulmonary disease (COPD). CFTR potentiators increase CFTR activity and might be a potential therapeutic strategy for COPD patients in addition to CF patients. It was reported that the approved CFTR potentiator, ivacaftor, reduces F508del‐CFTR cellular stability and has multiple off‐target functions necessitating the discovery of novel potentiators. We recently found that IOWH‐032, OSSK‐2, and OSSK‐3 function as blockers and potentiators of human CFTR (hCFTR). Here, we report the identification of nearly 80 candidates from the ZINC database discovered using pharmacophore modeling analysis by removing the pore‐blocking moiety of IOWH‐032, OSSK‐2, and OSSK‐3. Moreover, we screened the candidate compounds with two electrode voltage clamp (TEVC) and found multiple compounds that potentiated without detectable block of WT‐hCFTR expressed in *Xenopus* oocytes. The most potent compounds were further tested with inside‐out macropatch recordings. The compounds potentiated WT‐hCFTR from the intracellular side when the channels were activated with low concentration of protein kinase A (PKA, 6.4 U/mL) in the presence of 1 mM MgATP. The compounds also potentiated F508del‐CFTR under similar experimental conditions. Further studies will test the effects of the above compounds on hCFTR expressed in human airway epithelia in Ussing chambers. In future work, we will reiterate the pharmacophore analysis with the updated pharmacophore model to identify more high efficiency potentiators. (CFF MCCART14G0; NIH R01‐DK‐056481.)
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**TGF‐β1 BLOCKS ΔF508‐CFTR RESCUE VIA MICRORNA‐145**

Cihil, K.M.^1^; Winschel, J.^1^; Ranganathan, S.^1^; Greene, C.M.^2^; McKiernan, P.J.^2^; [Swiatecka‐Urban, A.]{.ul} ^1^ *1. Univ. of Pittsburgh School of Med., Children\'s Hospital of Pittsburgh, Pittsburgh, PA, USA* *; 2. Royal College of Surgeons in Ireland, Dublin, Ireland*

Transforming growth factor (TGF)‐β1 is a modifier associated with accelerated lung disease in patients with ΔF508. Our published data demonstrate that TGF‐β1 represses CFTR mRNA and prevents corrector‐mediated rescue of the ΔF508‐CFTR. Repression of ΔF508‐CFTR may explain, in part, the limited efficacy of corrector and potentiator (VX‐809/VX‐770) in recent clinical trials. Studies were conducted to elucidate TGF‐β1 effectors responsible for CFTR repression in order to develop strategies to precisely eliminate the pathogenic activity. TGF‐β1 controls expression of several microRNAs (miRNAs), including miRNA‐145 that inhibits CFTR post‐transcriptionally, acting on the miR‐145 target sites in CFTR. Studies in ΔF508‐homozygous primary differentiated human bronchial epithelial (CF‐HBE) cells were conducted to examine whether TGF‐β1 upregulates miRNA‐145. First, we examined expression of miRNA‐145 in CF‐HBE cells after TGF‐β1 treatment by qRT‐PCR. TGF‐β1 significantly increased miR‐145 expression as a function of time (n=3 in triplicates in different CF‐HBE cells; P\<0.05). We observed a reciprocal decrease in CFTR mRNA (n=3 from different tissues in triplicates; P\<0.05). Expression of miR‐145 was completely blocked by TGF‐β1 inhibitor, SB431542. Published studies demonstrate that miRNA‐145 levels are increased in CF‐HBE cells, compared to non‐diseased controls while *TGF‐* *β* *1* gene polymorphisms are associated with high TGF‐β1 levels. We hypothesized that if miRNA‐145 expression in CF‐HBE cells is regulated by TGF‐β1, the miRNA‐145 levels should differ between CF patients. Thus, we examined expression of miRNA‐145 in CF bronchial tissues obtained at lung transplantation under an IRB‐approved protocol, by in situ hybridization and compared to tissues with no known disease (negative control) or emphysema (positive control). A blinded reviewer assigned the score between 0 and 3 based on the miRNA‐145 expression in the bronchial epithelium. The expression of miRNA‐145 was 0 in negative controls, compared to +3 in the positive controls, and was variable at +1, +2, or +3 in the CF samples (n=3 in triplicates in each group). On‐going studies examine miRNA‐145 expression in CF bronchial epithelium, TGF‐β1 levels in the bronchoalveolar lavage fluid and *TGF‐* *β* *1* gene polymorphisms. Next, we examined whether miRNA‐145 inhibitors attenuate TGF‐β1 repression of CFTR. Differentiated CF‐HBE monolayers were treated with TGF‐β1 and either the locked nucleic acid (LNA^TM^)‐conjugated miRNA‐145 inhibitor control (Exiqon Inc.; miRNA‐145‐inh‐CTRL) or miRNA‐145 inhibitor (miRNA‐145‐inh). miRNA‐145‐inh blocked TGF‐β1‐stimulated miRNA‐145 expression, compared to miRNA‐145‐inh‐CTRL and partially attenuated the TGF‐β1 repression of CFTR. Next, we demonstrated that the LNA^TM^‐conjugated miRNA‐145 mimic reduced CFTR mRNA in non‐diseased HBE monolayers in the absence of TGF‐β1 stimulation. Taken together our data provide strong evidence that miRNA‐145 is a TGF‐β1 effector repressing CFTR in CF bronchial epithelium. Strategies to block CFTR repression by miRNA‐145 may promote efficacy of correctors to restore the ΔF508‐CFTR function in CF patients.
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**SIRT1 MEDIATES RESVERATROL INHIBITION OF CFTR IN PRIMARY BRONCHIAL EPITHELIUM**

Swiatecka‐Urban, A. *Univ. of Pittsburgh School of Med., Children\'s Hospital of Pittsburgh, Pittsburgh, PA, USA*

Resveratrol is a polyphenol in red grape skin with potential cardioprotective, anti‐aging, and antidiabetogenic properties. It is widely consumed as a nutritional supplement and its effects on CFTR function have been studied with hopes to augment the CFTR Cl^‐^ channel function. The results have been conflicting, likely because of cell‐type specific and context‐dependent effects of resveratrol. Thus, we examined the effects of resveratrol exclusively in human bronchial epithelial (HBE) cells, including primary differentiated HBE cells from non‐CF lungs, HBE cells from F508del homozygous lungs (CF‐HBE), and CFBE41o‐ cell line expressing wild‐type CFTR. Primary HBE cells were treated with resveratrol or vehicle control (CTRL) for 24h. At lower concentrations (5‐25 μM), resveratrol did not affect the forskolin‐stimulated, CFTR‐inh172‐sensitive short circuit currents (Isc). However, at higher concentrations (50‐100 μM), resveratorol inhibited the forskolin‐stimulated Isc (p\<0.01, N=12 from 4 different donors). Resveratrol also inhibited VX‐809‐rescued Isc in CF‐HBE cells (p\<0.05, N=9 from 3 different donors). As control, resveratrol did not affect the amiloride‐sensitive Isc, irrespective of concentration. At high concentration, resveratrol inhibited CFTR protein abundance (58±4% vs. CTRL at 4h and 32±5% vs. CTRL at 24h; N=3 per group from 3 different donors); however, it had no effect on CFTR mRNA levels. To determine effects of resveratrol on CFTR protein stability we inhibited new protein synthesis with cyclohexamide. Resveratrol did not alter CFTR protein stability, indicating that it does not stimulate CFTR protein degradation. Taken together the data indicate that resveratrol inhibits CFTR Cl^‐^ channel function by interfering with CFTR post‐transcriptionally, in the biosynthetic pathway. Resveratrol works via several context‐dependent mechanisms, including activation of class III histone deacetylase sirtuin 1 (SIRT1). The deacetylation reaction catalyzed by SIRT1 is coupled to the cleavage of a cofactor nicotinamide adenine dinucleotide (NAD+). SIRT1 activity is critically dependent on the availability of cellular NAD+. Resveratrol increased NAD+ generation indicating activation of SIRT1. The specific SIRT1 inhibitor, EX‐527, or the dominant negative (DN)‐SIRT1 partially rescued resveratrol inhibition of CFTR protein levels in CFBE41o‐ cells. SIRT1 exerts its metabolic effects via inhibition of a potent inducer of protein synthesis, the mammalian target of rapamycin (mTOR). Blocking mTOR activity with rapamycin decreased CFTR protein levels, similar to resveratrol, suggesting that mTOR plays a role in the resveratrol‐and SIRT1‐mediated inhibition of CFTR. Current studies focus on confirming the role of mTOR in CFTR biosynthesis. Taken together our studies demonstrate a novel CFTR biosynthetic pathway and determine that the common nutritional supplement resveratrol may compromise the corrector‐mediated rescue of mutant CFTR.
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**LNCRNA NEAT1 AND SFPQ REGULATE INFLAMMATION IN F508DEL‐CFTR CYSTIC FIBROSIS LUNG EPITHELIAL CELLS**

[Kumar, P.]{.ul} ^1^; Kalurupalle, S.^1^; Frizzell, R.A.^2^; Pollard, H.^1^; Biswas, R.^1^ *1. Department of Anatomy, Physiology and Genetics, Uniformed Services University of the Health Sciences, Bethesda, MD, USA* *; 2. Department of Cell Biology, University of Pittsburgh, Pittsburgh, PA, Pittsburgh, PA, USA*

Cystic fibrosis (CF) is the most common lethal genetic disease, caused by mutations in the cystic fibrosis transmembrane conductance regulator (CFTR) gene. CF is characterized by a massive proinflammatory phenotype in the lung arising from profound expression of inflammatory genes, including interleukin‐8 (IL‐8). Long noncoding RNAs (LncRNAs) have emerged as novel regulators of gene expression, including inflammatory genes. Various diseases have been associated with the aberrant expression of LncRNAs. Here we report the role of LncRNA in the pathogenesis of CF lung disease.

We find that the LncRNA nuclear enriched abundant transcript 1 (NEAT1) is aberrantly upregulated in CF cells including, IB3‐1, CFPAC‐1 and CFBE CF cells compared to the respective control cells. Moreover, we observe significant in vivo up‐regulation of NEAT1 in CF bronchial brushings compared to normal human bronchial epithelial cells. NEAT1 has been shown to regulate the expression of pro‐inflammatory cytokine IL‐8 in other diseases. Consistently, we find that suppression of NEAT1 in CF lung epithelial cells leads to reduced expression of IL‐8 expression. Additionally, NEAT1 is induced by p38‐MAPK signaling pathway, which is activated in CF, and our results indicate that pharmacological inhibition of this pathway suppresses both NEAT1 as well as IL‐8.

NEAT1 has been shown to prevent the binding of a repressor protein, SFPQ (splicing factor proline/glutamine‐rich) to the IL‐8 promoter and thereby induce increased expression of IL‐8. Interestingly, our data indicate that SFPQ is down‐regulated in CF cells compared to control cells. Overexpression of SFPQ in CF cells, not only suppress IL‐8 but also induces increased expression of F508del‐CFTR protein. Consistently, knockdown of SFPQ in CFTR‐repaired control cells leads to enhanced IL‐8 mRNA expression and reduction in CFTR protein levels.

In summary, elevated expression of NEAT1 and reduced expression of SFPQ in CF epithelial cells leads to transcriptional activation and hyper‐expression of IL‐8. Moreover, SFPQ can rescue F508del‐CFTR expression in CF cells. These mechanisms are novel potential targets for CF therapy.
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**FLOW CYTOMETRIC DETECTION OF CFTR EXPRESSION RECOVERY AFTER DRUG TREATMENT IN EPITHELIAL CELL LINES AND LEUKOCYTES**

Vercellone, S.^1^; Caldrer, S.^1^; Johansson, J.E.^1^; Buffelli, M.^3^; Melotti, P.^2^; [Sorio, C.]{.ul} ^1^ *1. Department of Medicine, University of Verona, Verona, Italy* *; 2. Cystic Fibrosis Center, AOUI, Verona, Italy* *; 3. Department of Neurologic Science, University of Verona, Verona, Italy*

**Background:** Simplified methods for CFTR detection suitable for the evaluation of response to CFTR‐targeting drugs are requested to evaluate drug response.

**Methods:** We applied flow cytometry (FC) analysis to detect CFTR expression in CFBE41o‐, a bronchial epithelial cell line homozygous for F508del mutation, and 16HBE14o‐, from healthy donor, that are used to test molecules targeting CFTR defect. As additional parameter we also evaluated CFTR activity by single‐cell fluorescence assay. CFBE41o‐ cells were treated with VRT325 (10μM), VX‐809 (5μM) or the drugs\' vehicle DMSO for 24h. FC analysis was performed with the anti‐CFTR monoclonal antibody CF3 (Abcam 2784, specific for the extracellular domain of CFTR: aa 103‐117) and with the anti‐CFTR polyclonal antibody ACL‐006 (Alomone labs, specific for the intracellular domain of CFTR: aa 1468‐1480). We selected two parameters to quantify CFTR expression: Mean fluorescence intensity (MFI) ratio value and % CFTR‐positive cells. CFTR activity was assayed with the potential‐sensitive probe (DiSBAC2(3), Invitrogen, USA). We defined "CF index" as a parameter that is positive in non‐CF cells and negative in CF cells (Sorio, et al. PLoS One. 2011;6:e22212).

**Results:** A higher percentage of CFTR‐positive cells was recorded in CFBE41o‐ cells after 24h treatment with VRT325 with respect to non‐treated cells while VX‐809 apparently is not as effective as VRT325 in these experimental conditions. These results were related to the measure of CFTR function recorded with cell depolarization assay. We already published a similar setup utilized for leukocytes (Johansson J, et al. Cytometry A. 2014;85:611‐20) with antibody ACL‐006 and now we are testing the performance of CF3 antibody in leukocytes.

**Conclusion:** Optimization of the protocol is in progress. Nevertheless the method described is proved capable to detect correction of CF phenotype, is simple and rapid. It may be applied to primary cells to monitor the responses to drugs whose efficacy can depend on increased CFTR protein expression or processing to the cell surface.

Supported by: FFC \#26‐2011, \#06‐2013, \#29‐2015, Associazione Lega Italiana FC.
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**NEW MOLECULAR TARGETS TO REDUCE THE SIDE EFFECT OF POTENTIATORS ON MEMBRANE STABILITY OF RESCUED F508DEL CFTR PROTEIN IN RESPIRATORY AIRWAYS**

[Tamanini, A.]{.ul} ^1^; Loberto, N.^2^; Mancini, G.^2^; Munari, S.^1^; Bassi, R.^2^; Schiumarini, D.^2^; Dechecchi, M.^1^; Lippi, G.^1^; Cabrini, G.^1^; Sonnino, S.^2^; Aureli, M.^2^ *1. Department of Pathology and Diagnostics, University Hospital of Verona, Verona, Italy* *; 2. Department of Medical Biotechnology and Translational Medicine, University of Milano, Milano, Italy*

Many pharmacological agents have been designed to increase the surface level of mutated CFTR (correctors), as well as its plasma membrane (PM) stability and activity (potentiators).

The most important potentiator, VX‐770 (ivacaftor, Kalydeco), was recently approved for clinical use on CF patients with G551D mutation, and then the approval has been expanded for other genotypes which result in gating defects representing a revolutionary step forward in CF treatment. However, the efficacy of this drug seems to be time‐limited in particular for the most common CF‐causing mutation F508del. Several factors contribute to the PM CFTR stability, including its compartmentalization in the sphingolipid (SL)‐enriched lipid rafts, the formation of multiprotein complex involving ezrin and NHERF1 and in addition, many data provided by the literature show that the phosphorylation state of ezrin is, in turn, regulated by plasma membrane ceramide levels. Based on these findings, we investigated the effects of potentiators and correctors on CFTR PM microenvironment.

We analysed the SL composition, the phosphorylation state of ezrin and the expression of NHERF1 in CF and non‐CF bronchial epithelial cell lines, treated or not with VX‐809 (corrector) and VX‐770 (potentiator). In addition, in both cell lines we evaluated the SL pattern of lipid rafts.

In both cell lines treated with VX‐809 and VX‐770, we observed an important reduction of phosphorylated ezrin, a reduction of the expression of NHERF1 and only modest differences in the SL pattern. Interestingly, in lipids rafts from both treated cells, we found a marked increase of all SL species, in particular ceramide, glucosylceramide and ganglioside GM3 that could be responsible for the ezrin dephosphorylation and reduction of NHERF1 expression.

These preliminary results indicate that combined treatment with corrector/potentiator induces modification in lipid rafts organization in terms of proteins and lipids, that could be responsible for the limited stability of mutated rescued CFTR at PM level. The results of this study could permit the development of new therapeutical strategies for CF treatment by using SL modulators.

Supported by: Italian Cystic Fibrosis Research Foundation (grant FFC \# 09/2015 to AT and MA).
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**REAL WORLD EXPERIENCE OF LUMACAFTOR‐IVACAFTOR AT AN URBAN CYSTIC FIBROSIS CENTER**

[Ahmad, D.]{.ul} ^2^; Patel, M.^1^; Mills, N.^1^; Stephen, M.J.^2^ *1. Internal Medicine, Drexel University College of Medicine, Philadelphia, PA, USA* *; 2. Pulmonary, Drexel University College of Medicine, Philadelphia, PA, USA*

**Introduction:** Cystic fibrosis (CF) is a life‐limiting multisystem disease, with pathology noted with the cystic fibrosis transmembrane conductance regulator (CFTR) protein. *Phe508del* is the most common CFTR mutation. Lumacaftor and Ivacaftor are novel therapies that are aimed at correcting the underlying mutation in CF. Ivacaftor is a CFTR potentiator, and lumacaftor is a CFTR corrector. The Food and Drug Administration recently approved combination therapy with *lumacaftor‐ivacaftor* (Lum‐Iva) for homozygous *Phe508del* mutation. Recent trial on the combination of drugs shows a statistically significant mean absolute improvement in FEV1%. We hypothesize that the adverse event rate of Lum‐Iva is higher in our CF population than reported in literature.

**Methods**: We conducted a retrospective analysis of patients with homozygous Phe508del mutation who received at least one dose of Lum‐Iva. Our primary endpoints are to describe major adverse reactions, and quantify rate of discontinuation of therapy. Our secondary endpoints include change in FEV1% at 24 weeks, and effect of dose reduction on adverse reactions.

**Results:** Our primary analysis includes 20 patients. Eight patients terminated treatment due to adverse reactions (40%). Six of the eight patients were able to restart treatment. Four patients required dose reduction to half in order to restart.

Two patients (10%) have not been re‐challenged.

The most common adverse reaction is chest tightness, and the most severe is rheumatoid arthritis exacerbation. Other adverse reactions include elevated thyroid function tests or liver function tests, rash, upset stomach, and increased stool output. Our results demonstrate a mean FEV1% increase of 1.7%.

**Discussion:** Preliminary analysis of real world usage of Lum‐Iva combination therapy demonstrates higher rate of adverse reactions and discontinuation of therapy (10% vs. 4.2%) than noted in literature. Future investigations are necessary to further elucidate the mechanism behind these findings.

**References:** Wainwright CE, et al. Lumacaftor‐ivacaftor in patients with cystic fibrosis homozygous for Phe508del CFTR. N Engl J Med. 2015 Jul; 373 (3): 220‐31.

**Table: Baseline Characteristics and Demographic Data**
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**IDENTIFICATION OF PROTEIN FACTORS THAT REGULATE CFTR EXIT FROM THE ENDOPLASMIC RETICULUM**

Canato, S.^1^; Santos, J.D.^1^; Carvalho, A.S.^2^; Amaral, M.D.^1^; Matthiesen, R.^2^; Falcão, A.^3^; [Farinha, C.M.]{.ul} ^1^ *1. BioISI‐Biosystems and Integrative Sciences Institute, Functional Genomics and Proteostasis Group, Faculty of Sciences, University of Lisboa, Lisboa, Portugal* *; 2. Computational and Experimental Biology Group, Human Genetics Dept., National Health Institute Douter Ricardo Jorge, Lisboa, Portugal* *; 3. Dept. of Informatics, Univ. of Lisboa, Faculty of Sciences, Lisboa, Portugal*

F508del, the most common disease‐causing mutation, is present in approximately 85% of CF patients and leads to CFTR misfolding that results in endoplasmic reticulum (ER) retention and early degradation. CFTR folding status is assessed which is recognized by the ER quality control (ERQC) that comprises a series of checkpoints involving chaperones and trafficking factors. CFTR exit from the ER is mediated by specific sorting motifs that include the 4 retention motifs, AFTs (arginine‐framed tripeptides, with the consensus sequence RXR), and the diacidic (DAD) exit code that controls the interaction with the COPII machinery.

The main goal of this work is to identify traffic factors that regulate CFTR exit from the ER at these specific quality control checkpoints.

We performed co‐immunoprecipitation using CFBE cells constitutively expressing F508del‐4RK‐CFTR (in which the AFT motifs were abrogated by replacement of one of the arginines by a lysine residue in each motif) or F508del‐CFTR (in which AFT motifs are putatively exposed, mediating CFTR retention) to identify and isolate the factors that interact specifically with each of these variants. The respective protein profile was obtained by LC‐MS/MS, followed by bioinformatic analysis to characterize the interactome of these CFTR variants. The DAVID (Database for Annotation, Visualization and Integrated Discovery), GSEA (Gene Set Enrichment Analysis) tools were used to obtain gene set enrichment and the FunRich (Functional Enrichment) tool to analyse protein enrichment.

A total of 834 CFTR‐interacting proteins (CIPs) was identified, among which 34 proteins appear to have higher affinity to F508del‐4RK‐CFTR and 71 to F508del‐CFTR, as determined by higher abundance in immunoprecipitated proteins. GSEA using DAVID reveals that the F508del‐CFTR interactome is enriched in genes involved in the assembly of macromolecular complexes and in the cell cycle. Similarly, the F508del‐4RK‐CFTR interactome was found to be enriched in genes involved in apical junction and also in epithelial‐to‐mesenchymal transition (EMT), processes which have been associated with CF disease. Regarding protein enrichment analysed by FunRich, we found that the F508del‐CFTR interactome is enriched in proteins involved in protein folding and mRNA splicing. Several of these interactors are novel, i.e., not previously directly associated with CFTR regulation.

The validation of the specific CFTR interactors/regulators, which is in progress, will likely identify novel therapeutic targets that could be ultimately used to the benefit of CF patients.

Work supported by centre grant PEst‐OE/BIA/UI4046/2011 to BioISI (from FCT -- Portugal). SC and JDS are recipients of PhD fellowships (SFRH/BD/5249/2014 and PD/BD/106084/2015, respectively) from BioSys PhD programme from FCT -- Portugal.

**34**

**THE EFFECT OF PTC MUTATIONS ON CFTR MESSENGER RNA ABUNDANCE**

[Clarke, L.A.]{.ul} ^1^; Felicio, V.^1^; Igreja, S.^1^; Gartner, S.^2^; Bertuzzo, C.^3^; Beekman, J.^4^; Amaral, M.D.^1^ *1. University of Lisboa, Faculty of Sciences, BioISI-- Biosystems & Integrative Sciences Institute, Lisboa, Portugal* *; 2. Pediatric Pulmonol & CF Unit. Hospital Universitari, Vall d\'Hebron, Barcelona, Spain* *; 3. Human Genetics Department, Faculty of Medical Sciences, University of Campinas, Campinas, Brazil* *; 4. Dept of Pediatric Pulmonology, UMCU, Utrecht, Netherlands*

**Background:** Around 2000 potentially disease‐causing CFTR variants have been described, of which approximately 8% are nonsense mutations which introduce premature termination codons (PTCs) into the CFTR mRNA. Transcripts bearing PTCs are associated with nonsense mediated decay (NMD), and are expected to be present at reduced levels of abundance. We are currently engaged in a project to determine to what extent individual PTC mutations affect mRNA abundance, and whether there are variations due to mutation position, between individuals, or in different tissues, so that the possibility of specific or personalized therapies might be investigated.

**Aim:** Our aim is to measure the relative abundance of CFTR mRNA transcripts in native (nasal epithelial cells, rectal biopsies) and cultured tissues (primary cultures of nasal cells, intestinal organoids) collected from F508del/PTC bearing CF patients, in an allele‐specific fashion.

**Methods:** We used the ddCT RT‐qPCR method in exons 10‐11 to compare expression of the PTC‐bearing CFTR allele against that of the F508del allele, using primer pairs that reliably distinguish the 3‐bp difference between the F508del and non‐F508del sequences as previously described (1). Other primer pairs were also tested and optimized for discrimination between PTC and non‐F508del alleles.

**Results and Discussion:** Our data show that relative abundance of mRNA derived from PTC alleles (nonsense mutations G542X and Y1092X, and frameshift mutations 2183AA\>G and 3886insA) varies between 21%‐33% of the total CFTR transcript levels in native respiratory epithelium, thereby giving evidence for NMD of PTC‐bearing CFTR transcripts. By contrast, transcripts bearing non‐PTC mutations (P205S, R334W, A561E) were slightly more abundant (50%‐61% of total) than F508del transcripts, supporting our previous data on the reduced abundance of F508del mRNA (2). Data were also obtained in intestinal organoids for nonsense (E60X, G542X, Y1092X, R1162X, W1282X) and frameshift (365insT and 2183AA\>G) mutations, demonstrating consistently reduced levels of PTC‐bearing transcripts (17%‐39% for PTC mutations, 20%‐27% for frameshift mutations) compared to non‐PTC transcripts (eg, A455E: 49%, 711+1G\>T: 51%), and validating the use of organoids as a surrogate for the respiratory epithelium in this study.

We have also developed a fluorescent cell‐based microscopy assay to identify genes or compounds affecting NMD in a high‐throughput mode and are currently performing siRNA screens. Our work provides a basis for future studies on the possible benefits of NMD suppression in combination with PTC read‐through therapies.

**References:**

1\. Awatade NT, et al. EBiomedicine. 2015;2:147‐53.

2\. Ramalho AS, et al. Am J Resp Cell Mol Biol. 2002;27:619‐27.

Work supported by UID/MULTI/04046/2013 centre grant from FCT/MCTES, Portugal (to BioISI) and research grants to MDA: CFF (AMARAL15XX0, AMARAL15XX1‐"RNA Life").

**35**

**IDENTIFICATION OF NOVEL INHIBITORS OF UBIQUITINATION THAT IMPROVE RESCUE OF F508DEL‐CFTR BY VX‐809**

[Goeckeler‐Fried, J.]{.ul} ^1^; Estabrooks, S.K.^1^; Chiang, A.^1^; Chung, W.^2^; Ye, Z.^3^; Denny, R.A.^4^; Weissman, A.M.^5^; Camacho, C.J.^3^; Sorscher, E.J.^6^; Brodsky, J.L.^1^ *1. Biological Sciences, University of Pittsburgh, Pittsburgh, PA, USA* *; 2. Neurobiology, University of Alabama at Birmingham, Birmingham, AL, USA* *; 3. Computational Biology, University of Pittsburgh, Pittsburgh, PA, USA* *; 4. Pfizer Worldwide Medicinal Chemistry, Cambridge, MA, USA* *; 5. Laboratory of Protein Dynamics and Signaling, National Cancer Institute, Frederick, MD, USA* *; 6. Pediatrics, Emory University, Atlanta, GA, USA*

After synthesis, F508del‐CFTR is selected by molecular chaperones, retained in the endoplasmic reticulum (ER), ubiquitinated, and targeted for ER‐associated degradation (ERAD) by the cytoplasmic proteasome because it fails to achieve a transport‐competent conformation. Existing small molecule F508del‐CFTR correctors modestly improve maturation of the mutant protein, though they have no effect on CFTR ubiquitination as measured in vitro. Therefore, we hypothesized that combining CFTR correctors with inhibitors of protein ubiquitination would increase the pool of F508del‐CFTR protein available for correction, leading to synergistic improvements in F508del‐CFTR trafficking and function. As a proof‐of‐principle, we discovered that the pyrazone compound PYR‐41, which inhibits the ubiquitin activating enzyme (E1), decreased F508del‐CFTR ubiquitination, and led to a small but significant increase in band C and in chloride currents when added in combination with VX‐809 compared to treatment with VX‐809 alone. Through targeted screening of structural analogs of PYR‐41 and other known inhibitors of the ubiquitination machinery, we identified additional compounds that decrease the ubiquitination of CFTR as well as select model substrates. The majority of compounds fall into two classes: inhibitors of the ubiquitin activating enzyme (E1), and inhibitors of ubiquitin ligases (E3s) such as CHIP. When combined with VX‐809, some of these newly identified inhibitors promote increased F508del‐CFTR trafficking and protein function beyond what we observed when we combined VX‐809 and PYR‐41. We are continuing to screen potential inhibitors in an effort that is guided by the evolving structure‐activity relationships and assisted by structural modeling of the E1 and E3 enzymes with existing inhibitors. Supported by CFF and NIH.

**36**

**INTERACTIONS OF THE ER LUMINAL CHAPERONE ERP29 AND ITS REGULATION OF ENAC AND CFTR BIOGENESIS**

[Bikard, Y.]{.ul} ^1^; Litvak Jeger, J.^1^; Suaud, L.^1^; Rubenstein, R.C.^1,2^ *1. Pulmonary, Children\'s Hospital of Philadelphia, Philadelphia, PA, USA* *; 2. Pediatrics, Perelman School of Medicine at the University of Pennsylvania, Philadelphia, PA, USA*

ERp29 is a 29 kDa thioredoxin‐homologous protein of the endoplasmic reticulum (ER) that displays chaperone‐like properties. Interestingly, ERp29 has only a single cysteine instead of the usual C‐X‐X‐C thioredoxin motif. In addition to displaying chaperone‐like properties at both the biophysical and cellular levels, ERp29 also has demonstrated roles in cortical neuron protection, suppressing tumorigenesis and regulating connexin 43 hemichannel biogenesis and assembly. We have previously demonstrated that ERp29 promotes CFTR biogenesis (Suaud et al. J Biol Chem. 2011;286:21239‐53), and, as the biogenesis of CFTR and ENaC share a number of features, we subsequently demonstrated that ERp29 also regulates ENaC biogenesis and functional expression (Grumbach Y, et al. Am J Physiol Cell Physiol. 2014;307:C701‐9). In particular, these studies demonstrated that overexpression of wt ERp29 increased ENaC functional expression, most likely due to increased cleavage of cell surface ENaC, whereas overexpression of a mutant ERp29 lacking its single cysteine (C157S ERp29) decreased ENaC functional expression due to decreased ENaC cleavage at the surface. ERp29 overexpression also promoted the interaction of both ENaC and CFTR with the coat complex II (COP II) ER exit machinery, whereas C157S ERp29 overexpression decreased this interaction. These data suggested a model where ERp29 may promote ENaC cleavage during biogenesis by directing ENaC to the Golgi where it would be subject to cleavage by furin. We thus further hypothesized that ERp29\'s subcellular localization would be a key determinant of its regulation of ENaC and CFTR biogenesis. ERp29\'s C‐terminal ER retention motif is KEEL, a KDEL variant that is associated with less robust ER retention. To assess if ERp29\'s retention at or its release from the ER are critical for its regulation of ENaC and CFTR biogenesis, we designed mutant ERp29s containing either a KDEL retention motif (ERp29 KDEL) that should be better returned to the ER from the proximal Golgi by the KDEL receptor, or a mutant where the retention motif was deleted (ERp29 ΔKEEL) that would interact less well with the KDEL receptor, and therefore potentially better escape the ER. Interestingly, ENaC functional expression was decreased by ERp29 ΔKEEL overexpression, while ERp29 KDEL did not elicit any significant effect. As already observed with wt and C157S ERp29 overexpression, β‐ENaC expression at the apical surface was not changed with overexpression of ERp29 KDEL or ΔKEEL. In contrast, both ERp29 KDEL and ΔKEEL overexpression decreased CFTR functional expression. That ERp29 ΔKEEL inhibited both ENaC and CFTR functional expression suggested a role for the KDEL receptor in ENaC and CFTR biogenesis. In support of this hypothesis, our preliminary data suggest that siRNA‐mediated depletion of Sec24D decreases the processing and cleavage of ENaC in the Golgi during biogenesis, as well as CFTR functional expression. Together our findings suggest a key regulatory role for ERp29\'s association with the KDEL receptor in the biogenesis of ENaC and CFTR.

Supported by grants from the CFF.
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**CFTR EXPRESSION AND FUNCTION IN PRIMARY CULTURES OF NON‐CF HUMAN NASAL EPITHELIAL CELLS**

[Cotton, C.]{.ul} ^1^; Gaston, B.^1,2^; Chmiel, J.^1,2^; McBennett, K.^1,2^; Hodges, C.A.^1^ *1. Case Western Reserve University, Cleveland, OH, USA* *; 2. Rainbow Babies and Children\'s Hospital, Cleveland, OH, USA*

Traditional methods for primary culture of human airway epithelial cells rarely allowed more than 1‐2 passages before significant loss of epithelial function. Recently developed approaches including irradiated fibroblast feeder layers and inclusion of rho‐associated protein kinase inhibitor enable \>6 passages (10^5^‐ to 10^6^‐fold expansion of cell number) with good retention of epithelial function. The "gold standard" for in vitro testing of CFTR correctors and potentiators is well‐differentiated primary human bronchial epithelial cells obtained from lungs transplanted from CF patients. The number of different patient samples obtained in this manner is small and the range of CFTR mutations available for study is limited. The goal of this work is to establish methods for collection, culture, and expansion of primary human nasal epithelial cells, derived from non‐CF volunteers to examine intersubject variation in CFTR expression and function. Nasal brushings were obtained from 16 healthy, non‐CF volunteers. Nasal cells were collected a second time (\>2 months later) from 4 of the subjects. All twenty samples were expanded (to passage 2) and cryopreserved. For analysis of CFTR function and expression, cells from multiple passages were seeded onto filter supports for establishment of air/liquid interface culture. The epithelial monolayers were transferred to Ussing chambers 15‐60 days after seeding, bathed with symmetrical Krebs bicarbonate ringers solution, and maintained under short‐circuit conditions. Amiloride, forskolin, and inh172 were added sequentially to inhibit sodium absorption, stimulate CFTR‐dependent Cl^‐^ secretion, and to inhibit CFTR‐dependent Cl^‐^ secretion, respectively. Viable epithelial cell cultures were established from all 20 subject samples. All of the cultures seeded onto filter supports for air/liquid interface culture developed high transepithelial resistance and the mean amiloride‐sensitive sodium current for 16 subjects was 83.1 ± 14.0 μA/cm^2^ with a range of 3 -- 159 μA/cm^2^. Forskokin‐stimulated and inh172‐inhibited current was readily observed in all non‐CF monolayers. The mean Cl^‐^ secretory response (I^172^‐sensitive current) for individual subjects was 12.1 ± 4 μA/cm^2^ with a range of 5.7 -- 26.0 μA/cm^2^. The ion transport properties of cells obtained from multiple brushings of a subject were qualitatively and quantitatively similar. CFTR mRNA expression across 16 subjects varied by ˜10‐fold and was correlated to CFTR Cl^‐^ current. Epithelial cells obtained by nasal brushing of non‐CF volunteers are readily isolated, cultured, expanded, and cryopreserved. The isolated nasal epithelial cells can be expanded rapidly to produce \>1 billion cells (\>2,000 filters) within 3‐4 weeks. We have previously shown that primary cultures of CF patient‐derived nasal epithelial cells are a sensitive system for testing CFTR function and for evaluating small molecule CFTR‐directed therapeutics. The current data identify a target level for CFTR function in non‐CF subjects and demonstrate a wide range of normal CFTR expression and function that might also contribute to individual patient drug response variation among CF subjects. (Supported by the CF Foundation).

**38**

**SPONTANEOUS DISULFIDE BOND FORMATION BETWEEN PAIR OF ENGINEERED EXTRACYTOPLASMIC CYSTEINES BOTH INFLUENCE AND REPORT THE FOLDED STATE OF PURIFIED CFTR**

[Aleksandrov, L.]{.ul}; Cui, L.; Jensen, T.; He, L.; Aleksandrov, A.; Riordan, J.R. *Biochemistry and Biophysics, UNC, Chapel Hill, NC, USA*

CFTR is a highly dynamic multidomain membrane protein. Its co‐translational folding culminates in correct domains assembly of a functional unit with swapping of NBDs and MSDs from opposite halves of the molecule. This CFTR functional unit must be maintained in a correctly folded state during protein purification and 3D structure analysis. For this purpose we have already generated a CFTR construct with stabilized NBDs and demonstrated that it remains functional for two weeks after purification and reconstitution. (1) With NBDs stabilized the MSDs may remain the most dynamic part of the protein after detergent disruptions of the lipid bilayer. Here we present further improvement of protein stability in a correctly folded state by spontaneous S‐S bond formation between engineered Cysteines near the external ends of TM6 and TM12. Formation of this S‐S bond between L333C and G1127C occurs only in the correctly folded protein and reversibly restricts the set of MSDs structural configurations to the ion pore closed states. Maintenance of correct MSD assembly in the purified protein after storage at 4^o^C was evaluated by determining the degree of disulfide bond reformation after removal of the reducing agent (DTT) used to broken it. A much shorter life time was observed on the storage of the purified protein in the conditions with disulfide bond disrupted. The state of NBDs during these manipulations was monitored by ATP binding. Limited proteolysis also was used to apprise the overall assembly of the purified protein under these distinct conditions. This CFTR construct with stabilized NBDs and MSDs was able to maintain its folded state in the solubilized form for a month after purification.

**Reference:**

1\. Aleksandrov LA, et al. Protein Expr Purif. 2015;116:159‐66.

(Supported by NIH and CFF)
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**NOVEL CFTR MODULATOR COMBINATION OF AMPLIFIER, CORRECTOR AND POTENTIATOR PROVIDES ADVANTAGES OVER TWO CORRECTOR‐BASED COMBINATIONS**

[Miller, J.]{.ul}; Drew, L.; Bastos, C.; Green, O.; Dukovski, D.; Villella, A.; Patel, N.; Aghamohammadzadeh, S.; Parks, D.; Cullen, M.; Kombo, D.; Kanmert, D.; Giuliano, K.; Longo, K.; Bhalla, A.; Qiu, D.; Zou, C.; Ivarsson, M.; Munoz, B. *Proteostasis Therapeutics, Inc., Cambridge, MA, USA*

Building on the foundation of the novel amplifier class of CFTR modulator, Proteostasis Therapeutics, Inc. (PTI) is developing a novel triple‐combination therapy using CFTR amplifiers, correctors and potentiators. High‐throughput screens in the presence of amplifier were used to identify novel CFTR modulators. In addition to in vitro efficacy in combination in primary human bronchial epithelial (HBE) cells, the amplifier, PTI corrector and PTI potentiator are each individually able to complement clinical stage CFTR modulators.

Among the distinctive properties of the PTI corrector is that it increases the proportion of mature F508del‐CFTR protein to levels greater than that of lumacaftor. As part of a triple combination, in electrophysiology studies in HBE cells, the corrector demonstrates F508del‐CFTR functional increases greater than those seen with lumacaftor. PTI corrector and lumacaftor are also additive, consistent with distinct mechanisms of action for the two correctors. Lastly, in triple combinations with PTI amplifier and PTI corrector, the chronic ivacaftor‐mediated destabilization of F508del‐CFTR is prevented.

In Ussing chamber assays, the PTI potentiator shows comparable efficacy with ivacaftor. In HBE electrophysiology measurements, the amplifier, PTI corrector and PTI potentiator triple combination restores the activity of mutant F508del‐CFTR protein to near‐normal CFTR activity. In addition, the amplifier‐based triple combination provides potential advantages through its ability to modulate non‐F508del CFTR and by overcoming substrate limitations for correctors and potentiators. Based on the data generated in the HBE cells, the combined use of these three molecules has the potential to restore mutant CFTR function in CF patients homozygous for the F508del mutation to clinically beneficial levels.

Funded in part by a Therapeutics Development Award from Cystic Fibrosis Foundation Therapeutics, Inc.
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**PHOSPHODIESTERASE 8 IS A NOVEL REGULATOR OF CFTR IN HUMAN BRONCHIAL EPITHELIA**

[Turner, M.]{.ul} ^1,2^; Abbott‐Banner, K.^3^; Randell, S.H.^4^; Hanrahan, J.W.^1,2^ *1. Physiology, McGill University, Montreal, QC, Canada* *; 2. CF Translational Research Centre, McGill University, Montreal, QC, Canada* *; 3. Verona Pharma plc, London, United Kingdom* *; 4. University of North Carolina, Chapel Hill, NC, USA*

The human cyclic nucleotide phosphodiesterases (PDEs) are a family of enzymes encoded by 11 gene families (*PDE1‐PDE11*), most of which contain several genes (eg, *PDE4A, 4B, 4C*, and *4D*), each with multiple splice variants. They degrade cyclic nucleotides and it has been shown that inhibiting certain PDEs can elevate intracellular cAMP levels (\[cAMP\]~i~) and stimulate CFTR‐dependent anion secretion by human airway epithelia, suggesting PDE inhibitors as a potential treatment option for cystic fibrosis (CF) patients. Previous studies have focussed on the roles of PDE3, 4 and 5 in regulating CFTR activity and little is known regarding the importance of other PDE isoforms. Recently, we demonstrated that primary human bronchial epithelia (pHBE) express PDE8A mRNA at levels which are similar to those of PDE4D mRNA. We therefore examined whether PDE8 is involved in cAMP‐dependent stimulation of CFTR by using a recently‐described PDE8‐selective inhibitor, PF‐4957325 (PF, Pfizer). CFBE cells overexpressing wild type CFTR (CFBEwt) and pHBE cells from healthy subjects (pHBE WT) were grown as polarized monolayers and allowed to differentiate at the air‐liquid interface (ALI) prior to study. Although adding the PDE8 inhibitor alone did not elevate \[cAMP\]~i~ as measured using ELISA, a significant effect of the PDE8 inhibitor on \[cAMP\]~i~ was observed during PDE4 inhibition and submaximal forskolin stimulation, indicating that PDE8 does contribute to cAMP metabolism in pHBE WT and CFBEwt cells. Furthermore, measurements of short‐circuit current (I~sc~) in CFBEwt cells mounted in Ussing chambers revealed that PDE8 inhibition increased CFTR‐dependent I~sc~ by 2.52 ± 0.21 μA cm^‐2^ (p\<0.01 vs DMSO; n=7), which is a small response compared to those produced by the PDE4 inhibitor rolipram (36.77 ± 6.58 μA cm^‐2^; n=4) or dual PDE3/4 inhibitor RPL554 (49.82 ± 7.82 μA cm^‐2^; n=4). Nevertheless, PF increased I~sc~ by 1.71 ± 0.42 μA cm^‐2^ (p\<0.01 vs DMSO; n=18) in pHBE WT cells, which was comparable to the stimulations by rolipram (4.16 ± 2.51 μA cm^‐2^; n=3), and RPL554 (3.37 ± 0.40 μA cm^‐2^; n=7) in primary cells, and greater than those observed using the PDE3 inhibitor milrinone or PDE5 inhibitor sildenafil. Moreover, PDE8 inhibition enhanced the I~sc~ response to rolipram and RPL554 by ˜3 fold and PDE4 inhibition increased the response to PF by ˜6 fold, indicating that PDE4 and PDE8 inhibitors act synergistically on CFTR‐dependent secretion. Finally, we assessed the effect of inhibiting PDE8 in pHBE cells from CF patients with the *R117H/F508del* genotype. The PDE8 inhibitor did not stimulate I~sc~ when added alone, however it enhanced I~sc~ when these CF primary cells were pretreated with a submaximal concentration of forskolin. In summary, our data suggest PDE8 as a novel regulator of CFTR in wild‐type and CF human airway epithelia. It has a more prominent role than PDE3 and PDE5 and inhibitors of PDE8 and PDE4 act synergistically, thus PDE8 may represent a novel therapeutic target in CF.
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**BIOPHYSICAL AND COMPUTATIONAL CHARACTERIZATION OF RARE CF‐CAUSING MUTATIONS**

Ran, Y.^1^; Crum, C.M.^1^; Yosipof, A.^2^; Kaspi, O.^2^; Senderowitz, H.^2^; [Thibodeau, P.H.]{.ul} ^1^ *1. Microbiology and Molecular Genetics, University of Pittsburgh, Pittsburgh, PA, USA* *; 2. Chemistry, Bar Ilan University, Ramat‐Gan, Israel*

While the majority of cystic fibrosis patients have at least one copy of the F508del allele, a significant number of CF patients are compound heterozygotes and/or harbour two non‐F508del alleles that affect protein folding, trafficking and function. Of the ˜2000 sequence variants identified in CFTR to date, few have been rigorously evaluted for their effects on protein structure and function. Using the available CF/CFTR and human ABC‐transporter mutation databases, we have identified and profiled a series of variants in the cytosolic domains of CFTR for their effects on CFTR protein folding and structure. By evaluating these mutation sets within the NBDs, these studies are designed (1) to inform our understanding of CFTR biosynthesis, (2) to identify the impact of reported sequence variations, and (3) to provide an experimental dataset for the development of more predictive models of CFTR mutations and their responses to treatment.

Starting with the CFTR1/CFMDB mutation database, we have performed a comparative analysis of reported mutations across multiple ABC‐transporter proteins to prioritize and provide confidence in rare CF‐associated alleles. This scoring system ranks mutations based on the conservation of native ABC‐transporter sequences and their reported variants to provide additional confidence in the identification of rare disease‐associated alleles. Optimization of this method prioritizes \> 80% of CF‐causing CFTR2 alleles with highest confidence. Applying this computional strategy to the CFTR1 mutation database, we have identified roughly 60 missense mutations of interest in NBD1 and 35 in NBD2 for subsequent studies. This expands the CFTR2 NBD mutation sets by roughly 5‐fold and allows for a more comprehensive mutation‐driven analysis of NBD folding and structure and CFTR biogenesis. Using these datasets, we have generated mutation libraries to systematically study the folding and stability of the NBDs in vitro, the effects of mutations on their structure, and the folding and trafficking of full‐length CFTR in cell culture. Using a combination of purified NBD protein and novel in‐cell assays, we have assessed the stability of the wildtype and mutant NBD proteins and the effects of mutation on the folding and structure of the NBDs in isolation. In parallel, cell culture studies evaluated the effects of these mutations on full‐length CFTR folding and trafficking. Mutations within both NBD1 and NBD2 provide comprehensive support for the hierarchical folding and assembly of CFTR domains; mutations may influence either or both the folding and structure of the NBDs locally or their assembly within the global quaternary complex of CFTR. Correction of these defects, either by known and novel second‐site suppressors and small molecules, further stratifies these datasets. Using these data, we have developed computational approaches to further explore the relationships between mutations and their effects on CFTR structure and function using clustering and network analyses. These studies provide additional insight into the biosynthetic pathway of wild‐type CFTR and inform our understanding of the molecular pathologies of a large number of rare CF mutations.
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**COMBINATIONS OF TRAFFICKING/FOLDING CORRECTORS AND READTHROUGH MODULATORS AS THERAPEUTIC APPROACH FOR CFTR PTC MUTATIONS**

[Liang, F.]{.ul} ^1^; Wong, E.^1^; Jordan, N.J.^1^; Haibo, S.^1^; Fitzpatrick, L.M.^1^; Hong, J.S.^2^; Rab, A.^2^; Sorscher, E.J.^3^; Mense, M.^1^ *1. CFFT, Lexington, MA, USA* *; 2. UAB, Birmingham, AL, USA* *; 3. Emory University School of Medicine, Atlanta, GA, USA*

Lumacaftor and ivacaftor are approved CFTR modulators by Vertex Pharmaceuticals that yield CFTR protein trafficking correction and channel opening potentiation, respectively. However, large challenges remain in finding efficacious therapies for CF patients with mutations that do not respond to these Vertex drugs. Nonsense or premature termination codon (PTC) mutations are found on at least one allele in approximately 10% of CF cases. These mutations cause severe CF disease due to a lack of full‐length functional CFTR protein. To address the urgent need for PTC therapies, we studied functional rescue of three CFTR PTC mutants, Y122X, G542X, and W1282X, using known trafficking/folding correctors, readthrough and nonsense‐mediated mRNA decay (NMD) modulators.

Multiple model systems have been developed to assess potential PTC therapies. (1) Western blot analysis allows detection of full‐length CFTR readthrough protein as core‐glycosylated band B and maturely glycosylated band C protein. (2) A FRT cell luminescence assay utilizes the reporter horseradish peroxidase (HRP), which is fused to an extracellular loop of CFTR yielding a robust readout for CFTR at the cell surface. (3) mRNA analysis by qPCR or allele‐specific digital droplet PCR quantifies CFTR PTC transcripts in heterozygote primary hBE cells (F508del/G542X).

All three PTC mutants respond to readthrough modulators (G418 and gentamicin) in both HRP and Western assays. In the Western assay with FRT cells expressing CFTR Y122X, the full‐length CFTR readthrough product exhibits a wild‐type pattern: the band C signal dominates that of band B. In contrast, the readthrough product of CFTR G542X exhibits a significantly smaller band C to band B ratio indicating the presence of a folding or trafficking defect of the readthrough protein.

NMD has been shown to downregulate PTC‐containing transcripts. In heterozygote hBE cells we observed dramatically reduced mRNA of CFTR G542X compared with the F508del allele. Pharmacological inhibition of SMG1, a pivotal component of NMD, nearly fully reverses the mRNA attenuation of CFTR G542X.

Corrector VX‐809 effects on the three PTC mutants were distinct. Only the C‐terminally truncated CFTR W1282X protein responds to VX‐809 alone.

Conversely, all three PTC mutants respond to the combination of a corrector, e.g., VX‐809, and a readthrough modulator. Full‐length readthrough product of CFTR G542X has a greater band C to band B ratio when VX‐809 is added, indicating improved trafficking of the CFTR readthrough protein. In the CFTR‐HRP trafficking assay significant improvement of CFTR readthrough protein trafficking by corrector/geneticin combinations compared to geneticin alone has been demonstrated for a panel of ˜250 molecules with CFTR F508del corrector activity.

Our results demonstrate that multiple CFTR PTC mutants respond to correctors, readthrough modulators, and NMD inhibitors. Combining PTC mutant‐specific molecules with established CFTR small molecule therapies may pave the way to more efficacious therapy for patients with CFTR PTC mutations.
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**RIBOSOMAL TARGETING CORRECTS CFTR CLASS I AND II DEFECTS**

[Oliver, K.E.]{.ul} ^1,2^; Wang, W.^2,3^; Wolpert, M.J.^2^; Maya, J.^2^; Icyuz, M.^1,2^; Hong, J.S.^2,3^; Hartman, J.L.^1,2^; Sorscher, E.J.^4^ *1. Genetics, University of Alabama at Birmingham, Birmingham, AL, USA* *; 2. Gregory Fleming James CF Research Center, University of Alabama at Birmingham, Birmingham, AL, USA* *; 3. Cell, Developmental & Integrative Biology, University of Alabama at Birmingham, Birmingham, AL, USA* *; 4. Pediatrics, Emory University, Atlanta, GA, USA*

CFTR class I and II mutations comprise a cohort of disease‐associated alleles that have proven difficult to address by current therapeutic strategies. We previously described a novel approach (genome‐wide yeast phenomics) to identify modifiers that rescue class II abnormalities, and high‐throughput analysis revealed ribosomal protein L12 (Rpl12) as a primary target for this purpose. Rpl12 binds the 28S rRNA to form the P stalk base in the 60S subunit GTPase‐associated center. The stalk interacts with many eukaryotic elongation factors (eEFs) during translation, including Rpl12 with eEF2. Our findings demonstrate siRNA‐mediated knockdown of Rpl12 partially corrects functional expression of F508del CFTR and is additive or synergistic with VX‐809 (lumacaftor^TM^) in multiple cell models, including primary HBE codes homozygous for F508del. We next investigated mechanism(s) that underlie CFTR rescue in this setting by testing F508del second‐site suppressors. In studies of HRP‐tagged F508del CFTR stably expressed in Fischer rat thyroid (FRT) cells, Rpl12 inhibition displayed no additivity with R555K, a mutation that improves stability of nucleotide binding domain 1 (NBD1). In contrast, R1070W, which restores the NBD1‐intracellular loop 4 interface, conferred significant increase in plasma membrane‐localized F508del following Rpl12 knockdown, a finding which suggests NBD1 stabilization. Inside‐out patch clamp analyses were utilized to investigate the folding integrity of rescued F508del protein, and preliminary results show that Rpl12 inhibition produces a thermostable F508del channel, compatible with pro‐folding effects on mutant CFTR. Based on these observations, we tested whether additional class II defects might also be rescued, including G85E, A455E and N1303K. Rpl12 knockdown resulted in 2‐3 fold increase of mature, fully‐glycosylated CFTR (C‐band) and improved vectoral ion transport for all three CFTR mutants, as quantified by Western analysis and short circuit current, respectively. We have suggested previously that Rpl12 suppression inhibits interaction with eEF2 to slow translation, allowing the ribosome and auxiliary proteins to achieve a more native CFTR conformation. Because other P stalk components known to assemble onto Rpl12 interact with eEF1a, the factor responsible for enzymatic delivery of aminoacylated tRNAs to the ribosome, we investigated whether Rpl12 knockdown might induce incorporation of noncognate amino acids. We show Rpl12 inhibition of G542X‐ and W1282X‐CFTR promotes increases in full‐length protein expression. Taken together, this work provides the first evidence that Rpl12 represents a novel therapeutic strategy for rescue of numerous CFTR class I and II defects. Refinement of the approach will establish the importance of ribosomal proteins during CFTR folding, and furnish new molecular targets for experimental treatment of the disease. Supported by CFF (SORSCH15R0; SORSCH13XX0) and NIH (F31HL131231; P30DK072482).
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**PERSONALIZED MEDICINE APPROACH TOWARDS TREATING DIFFERENT CLASSES OF CF MUTATIONS**

[Arora, K.]{.ul}; Sundaram, N.; Yarlagadda, S.; Huang, Y.; Mun, K.; Clancy, J.P.; Helmrath, M.; Naren, A. *Pulmonary Medicine, CCHMC, Cincinnati, OH, USA*

Kavisha Arora^1^, Nambirajan Sundaram^1^, Sunitha Yarlagadda^1^, Yunjie Huang^1^, Kyushik Mun^1^, John P. Clancy^1^, Michael A. Helmrath^1^ and Anjaparavanda P. Naren^1\*^ ^1^Cincinnati Children\'s Hospital Medical Center, Cincinnati, OH, 45229, USA

\*Corresponding author: A.P. Naren, Phone: (513) 803‐4731, Fax: (513) 803‐4783, E‐mail: <anaren@cchmc.org>

Cystic fibrosis is a complex disorder with multi‐organ manifestations and high mortality rate. The complexities of CFTR biogenesis, trafficking, and peripheral behavior make it challenging to understand it well enough to correct CFTR mutants and devise a generalized therapy. CF‐causing *CFTR* mutations are broadly categorized into five classes depending upon the spectra of causes that affect synthesis and/or function and may generate variable degree of phenotypic severity. There is significant symptomatic heterogeneity among CF individuals that can only be addressed via designing a therapy specifically for an individual, or personalized medicine. In this study, we attempt to develop personalized‐medicine therapies for CF patients by generating patient‐derived intestinal organoids and utilize them to study the effect of CFTR modifiers (potentiators and correctors) on mutant CFTR function. We studied different classes of CFTR mutations for their response to CFTR modifiers (specifically CF corrector VX‐809 and CF potentiator VX‐770) measured as CFTR‐directed fluid secretion (forskolin stimulated) in patient‐derived intestinal spheres. We obtained interesting outcomes as summarized in the Table which are instrumental to suggesting the right therapy for a patient with a particular type of mutation and more importantly atypical and compound mutations which are not fully characterized to be responsive to FDA‐approved CFTR modifiers or the combination. In certain cases, intestinal fluid secretion assay helped to predict additional mutations in the *CFTR* gene.

![](PPUL-51-S194-g004.jpg "ppul23576-gra-0004")
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**DOWNREGULATING CYTOKERATIN 19 EXPRESSION CAUSES CFTR INSTABILITY ON CELL SURFACE**

Hou, X.^1^; Chen, G.^5^; Wei, H.^1^; Rajagopolan, C.^1^; Wu, Q.^1^; Chen, K.^2^; Jiang, H.^1^; Gong, X.^3^; Zaman, K.^4^; Kolls, J.^2^; Frizzell, R.A.^3^; [Sun, F.]{.ul} ^1^ *1. Physiology, Wayne State University, Detroit, MI, USA* *; 2. Pediatrics, University of Pittsburgh School of Medicine, Pittsburgh, PA, USA* *; 3. Cell Biology, University of Pittsburgh School of Medicine, Pittsburgh, PA, USA* *; 4. Pediatrics, Case Western Reserve University School of Medicine, Cleveland, OH, USA* *; 5. Neurology, The First Affiliated Hospital of Chongqing Medical University, Chongqing, Chongqing, China*

Cystic fibrosis (CF) is a lethal disease caused by mutations in the gene encoding cystic fibrosis transmembrane conductance regulator (CFTR), which functions as a cAMP‐stimulated chloride channel on the apical membrane of the epithelia. Controlling the density of CFTR on cell surface is a crucial factor to confer its physiologic functions. Restoration of a biosynthetic processing mutant in which the F508 residue is missing (F508delCFTR) on the surface suffers from the instability and leads to ubiquitin‐dependent lysosomal degradation. Here we show that intermediate filament protein, keratin 19 (K19), stabilizes wild‐type (wt) CFTR and pharmacologically rescued F508delCFTR on cell surface. We found K19 prolongs the half‐life of wt‐CFTR on the surface by inhibiting the interaction of CFTR with a small GTPase Rab7 and subsequently by impeding CFTR lysosomal degradation. Importantly, downregulation of K19 expression is observed in the airway epithelia derived from F508del/F508del homozygous cystic fibrosis (CF) patients and upregulation of K19 expression potentiates CF corrector (VX‐809)‐mediated CFTR Cl^‐^ secretion in the airway epithelial cells from CF patients. The ability of CK19 to stabilize the rescued F508delCFTR on cell surface and to enhance the functional effect of VX‐809 on the mutant protein provides a novel therapeutic approach to treat CF patients.

Funding supported by CFF (SUN15XX0) and NHLBI/NIH (HL096800 and HL133162).
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**INVOLVEMENT OF EDEM1 AND EDEM2 IN F508DEL‐CFTR TRAFFICKING DEFECT AND IDENTIFICATION OF A NEW SERIES OF CORRECTORS WITH AN EDEM‐DEPENDENT MECHANISM OF ACTION**

[Sidelarbi, K.]{.ul} ^1^; Bertrand, J.^1^; Becq, F.^1^; Compain, P.^2^; Norez, C.^1^ *1. Laboratoire Signalisation et Transports Ioniques Membranaires, Université de Poitiers/CNRS, Poitiers, France* *; 2. Laboratoire de Synthèse Organique et Molécules Bioactives, Université de Strasbourg/CNRS, Strasbourg, France*

**Introduction:** In cystic fibrosis (CF), the deletion of phenylalanine at position 508 (F508del) mutation leads to the retention and degradation of CFTR (CF transmembrane conductance regulator) protein by the endoplasmic reticulum quality control (ERQC). This mechanism is composed of a series of enzymes and chaperones such as EDEM (Endoplasmic reticulum Degradation Enhancing α‐Mannosidase‐like) lectin variants, namely EDEM1, EDEM2 and EDEM3. It has been proposed that these lectins ensure the retrotranslocation to the cytosol of misfolded glycoproteins released from ER α1,2‐mannosidase (ERManI) for the proteasomal degradation (Mast SW, and Moremen KW. Methods Enzymol. 2006;415:31‐46). In this study, our objectives were to determine whether these lectins are involved in the trafficking defect of F508del‐CFTR and to design and synthesize multivalent iminosugars to rescue this trafficking defect.

**Methods and Results:** First, we demonstrated using Western‐blot technique that our cell model, stably F508del‐CFTR transfected HeLa cells, express the 3 variants EDEM1, EDEM2 and EDEM3. Moreover, using a duolink assay, we observed that the 3 lectins interact with F508del‐CFTR. Next, we transfected cells with EDEM1, EDEM2 or EDEM3 specific siRNA and observed that the decrease of their expression was correlated to a decrease of their interaction with F508del‐CFTR. Interestingly, we showed using iodide efflux technique a restoration of a CFTR activity in cells transfected with EDEM1 or EDEM2 siRNA but not in EDEM3 siRNA transfected cells. From these results, we investigated the effect of inhibitors of ERManI on EDEMs/F508del‐CFTR interaction and on F508del‐CFTR activity and revealed a corrector effect of kifunensine, swainsonine, deoxymannojirimycin (DMJ) and its N‐butyl analogue N‐BU DMJ. Therefore, we adapted a "click chemistry" methodology to synthesize more efficient F508del‐CFTR correctors based on DMJ clusters. From screening, we observed that the trivalent‐DMJ presented the best efficiency with an EC~50~ of 0.8 μM. Next, we demonstrated that the trivalent‐DMJ decreases by 30% the interaction of F508del‐CFTR/EDEM1 or EDEM2 and by 14% with EDEM3. No effect was observed on the interaction with calnexin, HSP70 or HSP90, suggesting an EDEM‐dependent mechanism of action. In parallel of these results, we confirmed the corrector effect of our corrector on human polarized bronchial epithelial cells (CFBE) using the Ussing chamber technique with a restoration of an Isc current of 20 μA/cm^2^. More interestingly, we confirmed its corrector effect on human respiratory epithelial cells freshly isolated from CF patients using the fluorescent probe oxonol.

**Conclusions:** This work reveals for the first time the interaction of F508del‐CFTR with the 3 isoforms of EDEM and suggests the involvement of both EDEM1 and EDEM2 but not EDEM3 in its retention. We identified that inhibiting ERManI corrects the trafficking defect of F508del‐CFTR with an EDEM‐dependent mechanism of action and we propose a new series of water‐soluble and non‐toxic correctors.
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**VIMP RECRUITS UBIQUITIN E3 LIGASE RNF5 TO THE ENDOPLASMIC RETICULUM FOR CFTR DEGRADATION**

[Rajagopolan, C.]{.ul} ^1^; Wei, H.^1^; Hou, X.^1^; Zaman, K.^2^; Sun, F.^1^ *1. Physiology, Wayne State University, Detroit, MI, USA* *; 2. Pediatrics, Case Western Reserve University School of Medicine, Cleveland, OH, USA*

Cystic fibrosis (CF) is a lethal autosomal recessive inherited disease caused by mutations in the gene encoding the cystic fibrosis transmembrane conductance regulator (CFTR). A critical issue in CF is the inability of the most common CFTR mutation, deletion of the phenylalanine residue at position 508 (F508del CFTR), to achieve the native, folded state required for its export from the endoplasmic reticulum (ER) and traffic to the epithelial cell apical membrane. Instead, F508del CFTR protein is exclusively retained in the ER and degraded by the ubiquitin‐proteasome system, a process refered to as ER‐associated protein degradation (ERAD). However, F508del CFTR mobilized to the plasma membrane retains substantial CFTR Cl^‐^ channel function; therefore, understanding of molecular mechanisms that regulate F508del CFTR degradation during its early biogenesis is a critical step to achieve effective and selective mobilization of the mutant CFTR from the ER.

Previously, our lab demonstrated that Derlin‐1 promotes the efficient degradation of CFTR folding mutants including F508del CFTR. Here we report that VCP‐interacting membrane protein (VIMP) is an ERAD component playing an important role in degrading the misfolded CFTR. Over‐expression of VIMP reduced the steady‐state levels of WT and F508del CFTR by 70% and 95%, respectively. In cycloheximide chase experiments, VIMP expression resulted in a shorter half life of F508del CFTR from 40 min to 20 min. Conversely, silencing of endogenous VIMP increased F508del CFTR expression by more than 5‐fold in human airway epithelial cells. Co‐immunoprecipitation and immunostaining revealed that VIMP interacts with F508del CFTR and co‐localizes with the mutant protein in the ER region of airway epithelial cells. Since Derlin‐1 has been reported as a key regulator of CFTR degradation, we asked whether VIMP plays any role in Derlin‐1 mediated CFTR degradation. Double silence experiment was performed. Compared with silence of Derlin‐1 only, the double silence of Derlin‐1 and VIMP did not lead to further increase in F508del CFTR expression, suggesting that VIMP and Derlin‐1 utilize the same pathway for the CFTR degradation. It has been shown that ubiquitin E3 ligases, RNF5 and CHIP, degrade F508delCFTR. To investigate if VIMP is associated with a specific ubiquitin E3 ligase we performed co‐immunoprecipitation and found VIMP interacts with RNF5, but not CHIP in CFBE‐41o‐ΔF cells. Overexpression of both VIMP and RNF5 virtually eliminated F508del CFTR expression and VIMP‐mediated mutant CFTR degradation was abolished by RNF5 dominate negative, indicating VIMP recruits RNF5 to degrade the mutant protein. In CFBE‐41o‐ΔF cells, silencing VIMP expression increased VX‐809‐mediated F508delCFTR maturation and its function. Taken together, our data demonstrate that VIMP recruits RNF5 to degrade misfolded F508del CFTR. Downregulation of VIMP enhancing the ability of VX‐809 to rescue F508delCFTR provides a novel therapeutic strategy to synergistically restore the mutant protein function.

Funding supported by CFF (SUN15XX0) and NHLBI/NIH (HL096800 and HL133162).

**48**

**EFFECT OF NOVEL F508DEL‐CFTR MODULATOR COMBINATION FDL169 AND FDL176 ON EXPRESSION AND FUNCTIONAL ACTIVITY**

[Kwok, I.]{.ul}; Miranda, L.R.; Bhatt, P.; Bailey, V.; Dasgupta, A.; Chin, J.; An, W.; Bresilla, C.; Krouse, M.E.; Cole, B.M.; Fitzpatrick, R. *Flatley Discovery Lab, Charlestown, MA, USA*

**Introduction**: Reduced CFTR activity has been observed in primary CF cells upon prolonged treatment with lumacaftor + ivacaftor, which may decrease clinical benefit. Flatley Discovery Lab is developing a novel CFTR corrector, FDL169, and potentiator, FDL176, which in combination show greater in‐vitro activity following chronic treatment compared to the lumacaftor + ivacaftor combination.

**Method and Results:** F508del‐CFTR cell surface expression and functional activity were determined in cells treated with FDL169 + FDL176 or lumacaftor + ivacaftor. CFBE41o‐ cells transfected with the overexpressing F508del CFTR plasmid were used for Western blot experiments and cells with HRP‐tagged F508del CFTR plasmids were used for HRP cell surface assays. Homozygous F508del CF human bronchial cells (hBE) from lung transplants were used to determine functional activity in electrophysiological assays and for Western blot experiments.

In Western blot experiments and HRP assays, FDL169 increased CFTR maturation and cell surface expression in homozygous F508del‐CFBE cells. In the equivalent current functional assay, homozygous F508del‐CFTR hBE cells corrected with FDL169 (3 μM) and acutely exposed to FDL176 (1 μM) had a similar maximum chloride current response to cells treated with lumacaftor (3 μM) and acute ivacaftor (1 μM).

In HRP assays, a 60% reduction in CFTR surface expression was observed following 24 hours of exposure of CFBE cells to lumacaftor (3 μM) + ivacaftor (2 μM), whereas a 30% reduction was seen in CFBE cells exposed to FDL169 (3 μM) and FDL176 (2 μM) (see Figure). Chronic exposure (24 hours) to FDL169 (3 μM) and FDL176 (1 μM) reduced the chloride current by 15% compared to exposure to both compounds under acute conditions; 24‐hour exposure of cells to lumacaftor (3 μM) and ivacaftor (1 μM) decreased the chloride current by 55%.

**Conclusion:** FDL169 promotes CFTR maturation and cell surface expression with equivalent potency and efficacy to lumacaftor. Upon chronic treatment of primary F508del‐CFTR hBE cells, the combination of CFTR corrector FDL169 and CFTR potentiator FDL176 had greater in vitro efficacy than the lumacaftor and ivacaftor combination.
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Figure: HRP Cell Surface Assay ‐ % Reduction of CFTR Expression upon chronic treatment with a CFTR potentiator \[ivacaftor (VX‐770) or FDL176\] and a CFTR corrector \[lumacaftor (VX‐809) or FDL169\]
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**UBIQUITIN‐SPECIFIC PROTEASES 11 (USP11) AND 28 (USP28) REGULATE F508DEL CFTR STABILITY VIA SUMO CONJUGATION**

[Gong, X.]{.ul}; DaPaula, A.C.; Ahner, A.; Frizzell, R.A. *Cell Biology, University of Pittsburgh, Pittsburgh, PA, USA*

As a substrate for endoplasmic reticulum‐associated degradation (ERAD), the mechanisms of misfolding and disposal of the cystic fibrosis transmembrane conductance regulator (CFTR) remain incompletely understood. Steps in ERAD usually include the recognition, ubiquitin modification and proteasomal proteolysis of misfolded proteins. Due to its complex and protracted folding and domain assembly requirements, much of WT CFTR and ˜100% of the common folding mutant, F508del CFTR, are degraded in most expression systems. Protein ubiquitylation is controlled by the opposing activities of ubiquitin ligases and deubiquitylating enzymes. The balance of ubiquitylation and deubiquitylation influences a variety of cellular processes.

We have previously shown that, as opposed to WT CFTR, F508del CFTR is preferentially modified by small ubiquitin‐like modifier (SUMO) proteins, and that the small heat shock protein (sHsp), Hsp27, selectively facilitates F508del CFTR degradation by forming SUMO‐2/3 conjugated poly‐SUMO chains, followed by F508del ubiquitylation by the SUMO‐targeted ubiquitin ligase (STUbL), RNF4. (1) We used protein‐binding arrays to screen for protein interactions with mono‐SUMO‐1 or poly‐SUMO‐2/3 chains, to identify targets for SUMO‐mediated regulation of CFTR biogenesis/degradation. In protein‐binding arrays, several deubiquitylating enzymes were identified, an example is USP28. Another ubiquitin‐specific protease, USP11, has recently been reported to be capable of deubiquitylating SUMO‐2/3‐poly‐chains that had been ubiquitylated by the SUMO‐chain targeted ubiquitin ligase, RNF4, thus counteracting the action of RNF4 in the DNA damage response. (2) To understand the roles of USP11 and USP28 in regulating CFTR biogenesis and degradation, we determined whether these proteins function similarly, to stabilize SUMO‐modified CFTR via deubiquitylation. Indeed, the overexpression of either USP11 or USP28 elevated the levels of CFTR expression in both CFBE cells and HEK293 cells. In addition, USP11 also markedly reduced the ubiquitylation of F508del CFTR, whereas catalytically inactive mutant USP11 (C318A) eliminated its ability to augment CFTR expression. Our results also revealed that the USP28‐induced CFTR expression increase occurred through USP28‐induced reduction in SUMO‐2/3 modification of F508del CFTR, which reduces RNF4 targeting to CFTR at the substrate level. These results suggest that these members of the ubiquitin‐specific protease family, USP11 and USP28, can rescue SUMO‐2/3 modified mutant CFTR from degradation via deubiquitylation, and may do so via different mechanisms.

**References:**

1\. Ahner A, et al. Mol Biol Cell. 2013;24:74‐84

2\. Hendriks IA, et al. J Biol Chem. 2015;290:15526‐37
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**VX‐770 AND VX‐809 ENHANCE CFTR CHANNEL FUNCTION IN THE NATIVE HUMAN SWEAT DUCT**

[Reddy, M.]{.ul} ^1^; Shamsuddin, A.^1^; Quinton, P.M.^1,2^ *1. Pediatrics, University of California San Diego School of Medicine, La Jolla, CA, USA* *; 2. Division of Biomedical Sciences, UC Riverside, Riverside, CA, USA*

A recent study with combined application of VX‐809 and VX‐770 showed promising results (1) with respect to lung function in F508del homozygous individuals. However such combined treatment apparently had almost no effect on the diagnostic feature of CF, high sweat chloride levels. (2‐4) Therefore we assayed the efficacy of these potentially therapeutic drugs on isolated native sweat ducts under near physiological conditions, not only to assess the therapeutic potential in "real" tissue, but also to better understand the physiological basis for differences in responses to these drugs by different tissues; i.e., airways vs. sweat glands. We isolated and microperfused native human sweat ducts derived from fresh skin biopsies of volunteer subjects. (5) We investigated the effect of small molecular weight compounds known to either correct (VX‐809) or potentiate CFTR‐channel function (VX‐770) in normal and CF ducts. Preliminary results indicated that acute treatment of non‐CF sweat ducts with either VX‐770 or VX‐809 (3mM each) had little effect on CFTR Cl^‐^ conductance. Lack of an acute effect of these drugs is not due to endogenous maximal activation of CFTR channel function due to the fact that these drugs had no effect even after complete deactivation of CFTR following permeabilization of the basolateral membrane with a‐toxin to deplete CFTR agonists (cAMP and ATP) from the cytosol. However, CFTR Cl^‐^ conductance was significantly enhanced after ˜24‐hour incubation (23^o^C) of isolated sweat glands with the drugs either combined or separately. The enhancement of CFTR Cl^‐^ conductance after overnight incubation with the drugs is probably not due to endogenous inhibition of CFTR dephosphorylation by phosphatases since neither VX‐770 nor VX‐809 had any effect on the deactivation of phosphorylated CFTR after washing out endogenous cAMP in permeabilized ducts. It may be more likely that the extended incubation time increased the synthesis and transport of more CFTR protein to the cell membrane, which enhanced channel function. These preliminary results suggest that extended incubation with VX‐770 nor VX‐809 is needed to significantly enhance CFTR‐Cl^‐^ conductance in sweat ducts. The increased CFTR function was likely not due to an inhibitory effect on endogenous phosphatases that deactivate the CFTR anion channel, but possibly due to an increase of CFTR present in the cell membrane.
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**CHRONIC β‐AGONIST EXPOSURE IMPAIRS PRODUCTION OF CAMP AND CFTR ACTIVITY IN HUMAN AIRWAY EPITHELIA**

[Brewington, J.]{.ul}; Backstrom, J.; Kramer, E.; Ostmann, A.J.; Strecker, L.; Clancy, J.P. *Pediatric Pulmonary Med, Cincinnati Children\'s Hosp Med Ctr, Cincinnati, OH, USA*

**Introduction:** Restoring F508del CFTR function through modulator treatment has demonstrated clinical efficacy in CF patients homozygous for F508del CFTR, though less than that with ivacaftor in CF patients with gating mutations. Identifying factors limiting response to CFTR modulators is a pressing need, such as reports of potential negative interactions between VX‐770 and VX‐809 on F508del CFTR in vitro (Veit G, et al. Sci Transl Med. 2014;6:246ra97). In the TRAFFIC/TRANSPORT trials, a minority of patients not receiving β‐agonists (n=54) demonstrated increased effects of Orkambi on FEV~1~ (Wainright CE, et al. NEJM. 2015;373:220‐31). We have demonstrated that chronic exposure of wt‐ and F508del CFTR human lower airway epithelial cells (LAECs) with the short‐acting β‐agonist (SABA) albuterol was sufficient to reduce subsequent CFTR activation by 30‐70%. Further, we have shown this SABA‐induced CFTR dysfunction is linked to reduced cellular cAMP production. We hypothesized that chronic SABA and long‐acting β‐agonist (LABA) use impairs adenylyl cyclase activity and reduces CFTR function in airway epithelia.

**Methods:** CFBE41o^‐^ cells stably transduced with wt‐ or F508del‐CFTR were grown on permeable supports to confluence and studied in Ussing chambers where CFTR function was quantified as short‐circuit current (Isc). F508del CFBEs were pre‐treated for 72 h with VX‐809 (3μM) prior to study.

**Results:** As previously demonstrated, 72 h of continuous exposure of wt‐CFTR CFBEs to SABA (albuterol, 10μM) reduced CFTR‐dependent Isc by 34% (control 78 vs SABA 52.8 μA/cm^2^; p=0.01) when stimulated with forskolin/IBMX (10/100μM). When stimulated with cell‐permeant 8‐Br‐cAMP, however, SABA pretreatment did not impair CFTR activation (control 51.6 vs SABA 56.4 μA/cm^2^, p=0.67). Similarly, 72 h of continuous SABA exposure in VX‐809‐corrected F508del CFBEs reduced CFTR‐dependent Isc by 37% (control 5.2 vs SABA 3.2 μA/cm^2^; p=0.01) when stimulated with forskolin/IBMX, while stimulation with 8‐Br‐cAMP overcame SABA‐induced CFTR dysfunction (control 3.6 vs SABA 3.0 μA/cm^2^; p=0.36).

In preliminary data from VX809‐corrected F508del CFBEs, 72 h of intermittent SABA exposure (10μM twice daily) did not reduce CFTR‐dependent Isc (control 2.0 vs iSABA 2.0 μA/cm^2^; p=0.92). Chronic, intermittent LABA exposure (formoterol, 1μM twice daily), however, did reduce CFTR‐dependent Isc by 30% (control 2.0 vs iLABA 1.4 μA/cm^2^; p=0.002).

**Conclusions:** Chronic airway epithelial stimulation with albuterol leads to impaired CFTR function due to reduced cAMP generation in response to direct adenylyl cyclase stimulation (forskolin). This impairment is overcome with application of exogenous cAMP, directly implicating downregulation of adenylyl cyclase function with chronic SABA use. Early data suggests that twice‐daily SABA dosing is insufficient to replicate this effect, but intermittent dosing of LABA similarly impairs CFTR activation. Ongoing work evaluating intermittent SABA and LABA exposure is in process, including transcriptomic evaluation of the effects of chronic β‐agonist exposure. Given the near‐ubiquitous use of β‐agonists in patients with CF, this potential negative interaction is an essential issue for study.

Supported by CFFT.
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**AUGMENTATION OF THE AVAILABLE POOL OF CFTR FOR SMALL MOLECULE CORRECTION BY INHIBITING THE E3 LIGASE, GP78**

[Chung, W.]{.ul} ^1,2^; Fortenberry, J.A.^1^; Sokirniy, I.^3^; Wu, J.^3^; Chiang, A.^4^; Goeckeler‐Fried, J.^4^; Sterner, D.^3^; Mattern, M.^3^; Brodsky, J.L.^4^; Sorscher, E.J.^5^; Kumar, S.^3^ *1. Cystic Fibrosis Research Center, University of Alabama at Birmingham, Birmingham, AL, USA* *; 2. Neurobiology, University of Alabama at Birmingham, Birmingham, AL, USA* *; 3. Progenra Inc., Malvern, PA, USA* *; 4. Biological Science, University of Pittsburgh, Pittsburgh, PA, USA* *; 5. Pediatrics, Emory University, Atlanta, GA, USA*

The discovery of small molecules that correct folding defects caused by F508del CFTR and enhance cell surface function has become a priority in cystic fibrosis translational research. Increasing the endoplasmic reticulum (ER)‐localized pool of mutant CFTR available for pharmacologic correction could offer substantial benefits to compound‐heterozygous individuals carrying only one copy of F508del. Misfolded F508del CFTR undergoes premature degradation initiated by ubiquitination, followed by targeting to the ER‐associated degradation (ERAD) machinery and proteasome. E3 ubiquitin ligases such as gp78 play an important role during the routing of CFTR to degradation, and novel compounds that block CFTR ubiquitination could augment the mutant protein pool acted upon by small molecule correctors. Using the Ubipro^TM^ discovery platform, we conducted a primary FRET‐based screen of a library containing \>220,000 small molecules, and isolated compounds that attenuate ubiquitination catalyzed by gp78. A total of 334 specific gp78 inhibitors were then selected and verified for blockade of recombinant human CFTR NBD2 ubiquitination, and prioritized by their ability to promote surface expression of F508del CFTR‐HRP in epithelial cell models. Nineteen compounds were next evaluated for effects on F508del CFTR Band B accumulation and rescue by lumacaftor. Two of these, termed P80142 and P80152, increased F508del CFTR in both HEK293 and FRT cells, and synergistically enhanced chloride transport when combined with lumacaftor. P80142 also increased steady‐state levels of other mutant CFTRs such as W1282X (class I defect) and E92K (class II), with synergistic rescue again observed following lumacaftor. These results indicate that inhibition of a specific ubiquitin E3 ligase can augment the reparable pool of F508del CFTR, and point to a novel drug‐development strategy. In addition, demonstration that a gp78 modulator improves F508del, W1282X, and E92K stability indicates a shared degradative pathway that could be targeted to enhance correction among patients carrying these alleles. The compounds described are currently being evaluated in primary airway epithelial cells as experimental therapeutics for a broad spectrum of individuals with cystic fibrosis. (Funded by NIH and CFF.)
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**NBD1‐G542X‐APEX‐EXPRESSION MINIGENES: DEVELOPMENT OF A SIMPLE NONINVASIVE HTS COMPATIBLE READTHROUGH ASSAY**

Bell, A.; [Saltz, J.]{.ul}; Mahiou, J.; Mense, M. *CFFT Lab, CFF, Lexington, MA, USA*

Nonsense mutations are the second most prevalent cystic fibrosis‐associated mutations. They affect approximately 10% of CF patients. Nonsense mutations are caused by a single nucleotide change generating a premature stop codon (PTC). Ribosomes that encounter a PTC terminate the translation, the aberrant mRNA is recognized and degraded by the nonsense‐mediated mRNA decay (NMD) system. This ultimately results in the absence of functional protein and typically a severe CF phenotype. Among the CF nonsense mutations, the G542X mutation within the NBD1 domain of CFTR has the highest prevalence.

One of the therapeutic approaches for patients carrying PTC mutations is the use of agents that suppress the normal proofreading function of the ribosome at PTCs and favor the insertion of a near‐cognate amino acid. Such "readthrough" modulators allow the translation completion of the remaining open reading frame (downstream to the PTC). In order to identify small molecules that can promote readthrough, there is need for specific readthrough assays compatible with high‐throughput compound library screening. We are currently developing a simple noninvasive readthrough reporter assay in mammalian cells.

Due to the multiple potential factors taking part in readthrough, including posttranscriptional regulatory elements, instead of a classical cDNA approach we chose to work with expression minigenes (EMG).

EMGs are recombinant DNAs that include multiple exons flanked with minimal functional intron segments. Therefore, transcripts generated by EMGs are pre‐mRNA containing all elements necessary for splicing and posttranscriptional regulation processes, expressly mechanisms depending on exon junction complexes.

We first cloned into the pcDNA5.FRT/TO vector (compatible with the Flp‐In based isogenic cell line development system) a recombinant EMG encoding for the NBD1 wt or mutated NBD1 G542X subdomain fused at its C‐terminus to the engineered ascorbate peroxidase APEX2 (NBD1‐wt‐APEX‐EMG and NBD1‐G542X‐APEX‐EMG).

Then, we validated the proper splicing and expression of our recombinant NBD1‐wt‐APEX‐EMG (detectable NBD1 epitope by Western blot and APEX enzymatic activity posttransient transfection). We are now generating HEK cell lines expressing NBD1‐G542X‐APEX‐EMG, which will be used in a one‐step APEX activity assay (previously optimized at the CFFT Lab) to screen for readthrough modulator compounds.

![](PPUL-51-S194-g006.jpg "ppul23576-gra-0006")

**54**

**RESTORATION OF R117H CFTR FOLDING AND FUNCTION IN HUMAN AIRWAY CELLS THROUGH COMBINATION TREATMENT WITH VX‐809 AND VX‐770**

Gentzsch, M.^1,2^; Ren, H.^1^; Houck, S.A.^1^; Quinney, N.^1,2^; Cholon, D.M.^1,2^; Das, J.^2,3^; Chaudhry, I.G.^2^; Dokholyan, N.V.^2,3^; Randell, S.H.^1,2^; [Cyr, D.]{.ul} ^1,2^ *1. Department of Cell & Developmental Biology, UNC at Chapel Hill, School of Medicine, Chapel Hill, NC, USA* *; 2. UNC‐CF Center, Marsico Lung Institute, Chapel Hill, NC, USA* *; 3. Biochemistry, UNC‐Chapel Hill, Chapel Hill, NC, USA*

Cystic fibrosis (CF) is a lethal recessive genetic disease caused primarily by the F508del mutation in the CF transmembrane conductance regulator (CFTR). The potentiator VX‐770 was the first CFTR modulator approved by the FDA for treatment of CF patients with the gating mutation G551D. Orkambi is a drug containing VX‐770 and corrector VX‐809, and is approved for treatment of CF patients homozygous for F508del, which has folding and gating defects. At least 30% of CF patients are heterozygous for the F508del mutation with the other allele encoding for one of many different rare CFTR mutations. Because treatment of heterozygous F508del patients with VX‐809 and VX‐770 resulted in limited success, it is important to identify heterozygous patients that respond to CFTR modulator therapy. R117H is a more prevalent rare mutation found in over 2000 CF patients. In this study we investigated the effectiveness of VX‐809/VX‐770 therapy on restoring CFTR function in human bronchial epithelial (HBE) cells from R117H/F508del CF patients. We found that VX‐809 stimulated more CFTR activity in R117H/F508del HBEs than in F508del/F508del HBEs. R117H expressed exclusively in immortalized HBEs exhibited a folding defect and was retained and degraded in the ER. VX‐809 corrected the R117H folding defect and restored channel function. Because R117 is involved in ion conductance, VX‐770 acted additively with VX‐809 to restore CFTR function in chronically treated R117H/F508del cells. Although treatment of R117H patients with VX‐770 has been approved, our studies indicate that Orkambi may be more beneficial for rescue of CFTR function in these patients.
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**DIRECT BINDING OF THE CORRECTOR VX‐809 TO HUMAN CFTR NBD1: EVIDENCE OF AN ALLOSTERIC COUPLING BETWEEN THE BINDING SITE AND THE NBD1:CL4 INTERFACE**

[Hudson, R.]{.ul} ^1^; Dawson, J.E.^1^; Chong, P.^1^; Yang, Z.^2^; Millen, L.^3^; Thomas, P.J.^3^; Brouillette, C.^2^; Forman‐Kay, J.^1,4^ *1. Molecular Structure and Function, Toronto Hospital for Sick Children, Toronto, ON, Canada* *; 2. Chemistry, University of Alabama at Birmingham, Birmingham, AL, USA* *; 3. Physiology, UT Southwestern Medical Center, Dallas, TX, USA* *; 4. Biochemistry, University of Toronto, Toronto, ON, Canada*

Understanding the mode of action of CFTR modulator compounds is key for optimization of CF therapeutics as well as obtaining insights into the molecular mechanisms of CFTR function. Deletion of F508 in NBD1 manifests as misprocessing of the channel and defective channel gating. The mechanism involves destabilization of NBD1 and the NBD1:ICL4 interface and a likely impairment of NBD1/NBD2 dimerization (Chong PA, et al. J Biol Chem. 2015;290:22862‐78), which is integral to folding, processing and channel gating. We demonstrate here, for the first time, direct binding of VX‐809 to human WT and F508del NBD1 (ΔRIΔRE). Disruption of the interaction between C‐terminal helices and the NBD1 core upon VX‐809 binding is observed from chemical shift changes in the NMR spectra of residues in the helices and on the surface of ß‐strands S3, S9 and S10. Binding to VX‐809 leads to a significant negative T~m~ shift for NBD1, consistent with disruption of the C‐terminal helices upon binding. These NMR binding data and the negative T~m~ shifts are very similar to those reported by our groups previously for binding of the dual corrector‐potentiator CFFT‐001 to NBD1 (ΔRIΔRE) (Hudson, RP, et al. J Biol Chem. 2012;287;28480‐94), suggesting that the two compounds share at least some aspects of their mechanisms of action. An interresidue correlation analysis of the chemical shift changes upon VX‐809 binding provides evidence of allosteric coupling between the direct binding site and the NBD1:CL4 interface, which is tightly linked to the NBD dimerization surface. While previous studies have shown an important role for VX‐809 in modulating the conformation of MSD1 (Ren HY, et al. Mol Biol Cell. 2013;24:3016‐24) this additional mode of VX‐809 binding provides insight into conformational dynamics and allostery within CFTR. We interpret these data to propose that the action of VX‐809 on NBD1 and the subsequent destabilization of helices H8 and H9 contributes to the mechanism of action by allosterically stabilizing NBD1:CL4 interactions and releasing RE/R region from the core of NBD1, thereby promoting NBD dimerization and stabilizing full‐length CFTR. This work was funded by grants from the Cystic Fibrosis Foundation Therapeutics and Cystic Fibrosis Canada.
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**IMPROVEMENT OF CFTR FUNCTION IN PRIMARY HBE CELLS CONTAINING NONSENSE MUTATIONS BY NANOPARTICLE DELIVERY OF A MODIFIED TRNA**

[Torres, M.J.]{.ul} ^1^; Miller, J.B.^2^; Peters‐Hall, J.R.^3^; Cai, Z.^4^; Li, Q.^7^; Oliveira, C.^5^; Johnson, A.E.^6^; Feranchak, A.P.^7^; Sheppard, D.N.^4^; Shay, J.W.^3^; Siegwart, D.J.^2^; Thomas, P.J.^1^ *1. Physiology, UT‐Southwestern Medical Center, Dallas, TX, USA* *; 2. Biochemistry, UT‐Southwestern Medical Center, Dallas, TX, USA* *; 3. Cell Biology, UT‐Southwestern Medical Center, Dallas, TX, USA* *; 4. School of Physiology and Pharmacology, University of Bristol, Bristol, United Kingdom* *; 5. Expression Regulation in Cancer Group, Institute of Molecular Pathology and Immunology of the University of Porto (IPATIMUP), Porto, Portugal* *; 6. Texas A&M Health Science Center, College Station, TX, USA* *; 7. Pediatric Gastroenterology and Hepatology, UT‐Southwestern Medical Center, Dallas, TX, USA*

Nonsense mutations represent 10% of cystic fibrosis (CF)‐causing alleles. (1) These mutations result in the premature degradation of cystic fibrosis transmembrane conductance regulator (CFTR) mRNA that would code for translation of a truncated protein. (2) Current therapeutic strategies have focused on suppression of the nonsense‐mediated mRNA decay (NMD) pathway and/or inducing readthrough of the premature termination codon (PTC) by altering the translation machinery allowing for misincorporation of an amino acid at the site of the nonsense codon. (3) We investigated the tolerance of missense amino acids at G542, W1282, and R553 by assessing CFTR maturation and function. Variants that matured were tested for function using transepithelial resistance and single‐channel activity assays. The data indicate that not all amino acid substitutions are tolerated at each position, as highly evolutionarily conserved positions require specific amino acids for correct folding and/or function. Thus, readthrough agents may have the most clinical benefit when applied to CFTR containing nonsense codons at positions that are not highly conserved.

To overcome these obstacles, we utilized a modified tRNA that can recognize PTCs and mediate incorporation of a desired amino acid. We have demonstrated improvement of CFTR function in cells harboring G542X and R553X mutations. Formulations for the delivery of the modified tRNA by nanoparticles were developed by screening a small library of nanoparticles with unique functional groups capable of RNA delivery using a cell line containing an endogenous nonsense mutation. Off‐target effects of the modified tRNAs on natural stop codons were experimentally assessed. Positive formulations were assessed in primary HBEs derived from CF patient explants that harbor nonsense mutations in CFTR. The data suggest that nanoparticle delivery of modified tRNA can improve CFTR function in primary HBEs and may offer an alternative therapeutic approach for the treatment of CF caused by nonsense mutations.

Supported By: CFF and NIH NIDDK (M.J.T., P.J.T.) CFFT (Z.C., D.N.S.) CPRIT (J.B.M., D.J.S.) CFF (J.R.PH. and J.W.S.) CFF and NIH NIDDK (Q.L., A.P.F.).
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**FORCING NBD1 AND NBD2 TO DIMERIZE**

[Chong, P.]{.ul} ^1^; Vernon, R.M.^1^; Hudson, R.^1^; Forman‐Kay, J.^1,2^ *1. Hospital for Sick Children, Toronto, ON, Canada* *; 2. Biochemistry, University of Toronto, Toronto, ON, Canada*

Despite a critical role in CFTR processing and gating, direct detection of nucleotide binding domain (NBD) heterodimerization remains elusive. Channel gating studies indicate that the channel rapidly cycles between open and closed conformations, suggesting that the NBD dimers form with a very modest affinity. Dimerization of the isolated NBDs is likely further compromised by disruption of critical interactions between the intracellular loops (ICLs) and the Q‐loops of the NBDs. We have previously shown that the Q‐loop of the isolated NBD1 domain exchanges between dimer‐favorable and dimer‐unfavorable positions and that deletion of F508 (F508del) pushes the Q‐loop to the dimer‐incompatible position (Chong PA, et al. J Biol Chem. 2015;290:22862‐78). Similarly, in the isolated NBD2 the sidechain of the eponymous Q‐loop glutamine, Q1291, flips roughly 180 degrees to hydrogen bond with S1359 (Zhao X, et al. Ped Pulmonol. 2008;43(S31):205). This rotates the alpha‐helical subdomain out of a dimer‐compatible position. Mutation of S1359 to disrupt this hydrogen bond allows the alpha‐helical subdomain to move partway back to a dimer‐compatible position. While both of these Q‐loop problems may be mitigated by interactions with the ICLs, they nonetheless probably contribute energetically to the modest affinity of the NBD dimers in full‐length CFTR. We are using computational and bioinformatics tools to predict mutations that will stabilize the NBDs and NBD1‐NBD2 dimers with the dual goal of understanding impediments to NBD heterodimerization in WT and F508del CFTR and obtaining stable NBD dimers for biophysical studies. We have successfully stabilized NBD2 for biophysical studies, including CD and NMR studies. NBD heterodimerization will be assayed using thermal melt assays, NMR chemical shift perturbation experiments and NMR paramagnetic relaxation enhancement (PRE), techniques that we have successfully used to confirm NBD1 homodimerization. We will probe the effects of disease‐causing mutations, the C‐terminal tail of CFTR, the regulatory insertion and the R region (both phosphorylated and nonphosphorylated) on NBD heterodimers. We will provide a progress update on these experiments. This work will also enable studies of small molecule modulators targeted at the NBD dimer interface. Supported by grants from the Cystic Fibrosis Foundation Therapeutics and Cystic Fibrosis Canada.
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**TRANSIENT STIMULATION OF CFTR BY CIGARETTE SMOKE EXTRACT**

[Wong, F.H.]{.ul} ^1,2^; Robert, R.^2,1^; Thomas, D.Y.^2,3^; Cantin, A.M.^5^; Hanrahan, J.W.^2,1,4^ *1. Physiology, McGill University, Montréal, QC, Canada* *; 2. CF Translational Research Centre, Montréal, QC, Canada* *; 3. Biochemistry, McGill University, Montréal, QC, Canada* *; 4. Research Institute, McGill University Health Centre, Montreal, QC, Canada* *; 5. Medicine, Université de Sherbrooke, Montréal, QC, Canada*

The cystic fibrosis transmembrane conductance regulator (CFTR) anion channel is required for cAMP‐stimulated fluid secretion across airway epithelia and removal of inhaled substances by mucociliary clearance. CFTR dysfunction may result from loss‐of‐function mutations as occurs in CF, or may be acquired when the airways are exposed to air pollutants such as cigarette smoke (Cantin AM, et al. Am J Respir Crit Care Med. 2006;173:1139‐44). The decrease in fluid secretion which occurs when CFTR activity is reduced by inhaled toxicants is expected to exacerbate mucus plugging, infection and inflammation in CF patients. To investigate the impact of environmental contaminants on CFTR function we studied the acute effect of cigarette smoke extract (CSE) on anion secretion by CFBE cells. Exposure to 50% CSE for 30 min suppressed the subsequent stimulation of short circuit current (Isc) by forskolin, and this was accompanied by a decrease in the surface expression of CFTR in cell surface biotinylation assays. The inhibitory effect of CSE on forskolin‐stimulated Isc was not blocked by pre‐treatment of cells with the MEK1/MEK2 inhibitors U0126 and PD98059. In addition to inhibiting the forskolin response, CSE exposure also caused a large, transient increase in basal Isc which was absent when cells were pretreated with CFTR~inh~‐172 and when CFBE cells expressing F508del CFTR were exposed to CSE. Hydrogen peroxide has been shown previously to stimulate CFTR function and cigarette smoke contains oxidants, therefore we explored the role of reactive oxygen species by pre‐treating cells with N‐acetylcysteine (NAC). The stimulation by CSE was strongly attenuated after 10 mM NAC, consistent with the involvement of reactive oxygen species. The acute secretory response to CSE may be a host defense mechanism that clears noxious stimuli from the epithelial surface. Support: Canadian Institutes of Health Research.
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**STRUCTURAL DETERMINANTS OF CFTR FOLDING IN YEAST**

[Purna, B.M.]{.ul}; Urbatsch, I.L. *Cell Biology and Biochemistry, Texas Tech University Health Sciences Center, Lubbock, TX, USA*

Primary structure is crucial for protein folding. This project investigates how small changes in protein sequence can largely affect the folding and subcellular trafficking of CFTR. CFTR mutations can cause misfolding, retention and rapid degradation of premature CFTR in the endoplasmic reticulum (ER), en route of its folding pathway. Inherently, the wild‐type human CFTR has a low efficiency of protein folding/processing that is exacerbated by these mutations. Second‐site mutations that partially "rescue" mutant CFTR to the cell surface, have been identified, especially in a 70‐amino acid α‐helical subdomain that is located in the first nucleotide‐binding domain (Mendoza JL, et al. Cell. 2012;148:164‐74). This α‐helical subdomain is highly conserved in homologous proteins and is home to the infamous ΔF508 misfolding mutation. We therefore hypothesize that human CFTR is prone to misfolding due to regions of intrinsic instability in its α‐helical subdomain. Based on sequence alignment of multiple homologous proteins we constructed chimeras between CFTR and its close homolog in yeast, the Yeast Oligomycin Resistance protein (Yor1p), as a tool to identify regions of single or multiple amino acid substitutions that will enhance protein folding and processing. We engineered a Yor1p‐CFTR chimera in yeast by replacing the α‐helical subdomain of Yor1p with that of CFTR. We analyzed cellular localization of the green fluorescence protein (GFP)‐tagged Yor1p‐CFTR chimeras by fluorescence microscopy and steady‐state protein levels by SDS‐PAGE. The chimera exhibited ER retention indicative of a severe protein folding/processing defect. We identified at least three amino acids in the α‐helical subdomain that are highly conserved in Yor1p and other transporters, but not in CFTR. Substitution of these amino acids in the Yor1p‐CFTR chimera restored ER exit and protein stability. In conclusion, our results demonstrate that correcting instabilities within the α‐helical subdomain is an important step to restore human CFTR processing in yeast. This knowledge on CFTR folding may provide insights into regions that may be targeted for the development of effective therapeutic options for CF patients.

**Acknowledgements:** Supported by the CFFT. *Yor1p* del yeast strain expressing wild‐type and ΔF508 equivalent Yor1p in plasmid pRS316 were kind gifts from Dr. Liz Miller at the MRC Laboratory of Molecular Biology, Cambridge, UK.
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**GENERATION OF ENDOGENOUS FLUORESCENT CFTR PROTEIN IN HUMAN EPITHELIAL CELLS BY CRISPR/CAS9 TECHNOLOGY**

[Ghosh, S.]{.ul}; Leir, S.; Harris, A.; Mutolo, M. *Human Molecular Genetics Program, Lurie Children\'s Research Center, Chicago, IL, USA*

[Sujana Ghosh]{.ul}, Leir SH, Mutolo MJ, Ann Harris

Human Molecular Genetics Program, Lurie Children\'s Research Center, Department of Pediatrics, Northwestern University Feinberg School of Medicine, Chicago, IL, USA

The ability to track endogenous CFTR protein in human cells is limited by its low abundance and variable antibody specificities. Our goal was to circumvent these challenges and generate a robust reagent for high‐throughput screening (HTS) of small molecules and siRNAs that alter CFTR expression and intracellular processing. We used CRISPR/Cas9 technology to introduce an epitope tag into endogenous CFTR in Caco2 cells. We describe a novel cell line in which all three alleles of endogenous CFTR (Caco2 is trisomic for chromosome 7) were replaced by N‐terminal mCherry tagged‐CFTR. Briefly, CRISPR/Cas9 endonuclease‐mediated homologous recombination was used to introduce mCherry into the N‐terminus of CFTR by designing a guide RNA in *CFTR* intron1. A homology directed repair (HDR) template encompassing the mCherry cDNA sequence flanked by an ˜ 700bp region of homology adjoining the PAM (Protospacer adjacent motif) site in intron 1 was constructed by PCR. Caco2 cells were transfected with PX458 (GFP‐tagged Cas9 plasmid expressing a single‐guide RNA) and the HDR template using Lipofectamine 2000. Three days after transfection cells were trypsinized and single‐cell suspensions were subjected to fluorescence‐activated cell sorting (FACS) of GFP and mCherry double‐positive cells. Single cells were plated onto 96‐well plates, clonally expanded for screening by PCR and sequencing of genomic DNA. Clones that appeared to contain correctly targeted mCherry CFTR were then subjected to assays that confirmed normal CFTR protein synthesis, proper folding and insertion into the cell membrane. First, production of full‐length, processed mCherry‐CFTR was confirmed by Western blot. Next, confocal microscopy was used to visualize the spatial distribution of mCherry‐CFTR and both cytoplasmic and membrane‐bound species were detected. Finally, we tested whether the clone could be used in HTS to identify factors affecting *CFTR* transcription. Depletion of the architectural proteins CTCF/Rad21 (by siRNAs) was shown previously to increase CFTR mRNA and protein expression (Gosalia N, et al. Nucleic Acids Res. 2014;42(15):9612‐22). We now show that siRNA‐mediated knockdown of CTCF/Rad21 in the mCherry‐CFTR Caco2 cells increases the cell‐surface mCherry‐CFTR signal detected by FACS in comparison to negative control siRNAs. We are currently using the same CRISPR/Cas9 toolkit to generate mCherry‐CFTR clones from lung, pancreas and epididymis epithelial cells.

Funded by the Cystic Fibrosis Foundation.
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**REGULATION OF HSP70 EXPRESSION AND F508DEL‐CFTR TRAFFICKING BY ELP‐2, A COMPONENT OF THE ELONGATOR COMPLEX**

[Suaud, L.]{.ul} ^1,2^; Rubenstein, R.C.^1,2^ *1. Div of Pulmonary Med, The Children\'s Hosp of Philadelphia, Philadelphia, PA, USA* *; 2. Pediatrics, Perelman School of Med at the Univ of Pennsylvania, Philadelphia, PA, USA*

In our efforts to understand how sodium 4‐phenylbutyrate (4PBA) corrects trafficking of F508del‐CFTR in cystic fibrosis (CF) epithelia, we recently demonstrated that a transient increase in Hsp70 expression in CF epithelial cells treated with 4PBA occurs through a process mediated by Elp2 (elongator protein 2, (1)). Elp2 is a scaffold protein required for activation of STAT3; Elp2 is also a component of the Elongator complex that appears to regulate a number of cellular processes including RNA polymerase II activity. As other data suggest that increased Hsp70 expression promotes F508del trafficking (2), we hypothesized that increased Elp2 expression will promote F508del trafficking to the plasma membrane. To test this hypothesis, we performed Ussing chamber experiments in CFBE41o‐ F508del cells that overexpressed Elp2, or CFBE41o‐ wt CFTR cells that were transfected with Elp2 specific siRNA. Overexpression of Elp2 increased CFTR‐mediated currents in CFBE41o‐ F508del cells, whereas depletion of Elp2 by siRNA in CFBE410‐ wt CFTR cells decreased CFTR‐mediated currents. Previously, we have shown that increased Hsp70 expression promotes interaction of the epithelial sodium channel (ENaC) with the Sec24D cargo recognition component of coat complex II (COP II) machinery, which carries protein cargo from the endoplasmic reticulum to the Golgi. In co‐immunoprecipitation experiments in IB3‐1 CF bronchiolar epithelial cells, overexpression of Elp2 increased Hsp70 expression and promoted the interaction of F508del‐CFTR and Sec24D. These data provide a mechanistic link of increased Elp2 expression leading to increased Hsp70 expression and, as a result, improved F508del trafficking.

We also interrogated the mechanism by which Elp2, which is usually found in the cytoplasm, is able to translocate into the nucleus and regulate Hsp70 expression. Elp2 does not itself have a nuclear localization signal (NLS), and therefore likely needs a "carrier" to move to the nucleus. We initially hypothesized that STAT3 and more specifically activated phospho‐STAT3, serves as the Elp2 "carrier," as we previously demonstrated that STAT3 translocated to the nucleus after 4PBA treatment (1). We tested this hypothesis using luciferase reporter assays in IB3‐1 cells, where luciferase expression was controlled by the human Hsp70 promoter. However, overexpression of STAT3 and mutant STAT3 constructs, including a constitutively active STAT3 (STAT‐3C), and STAT3 tyrosine or serine phosphorylation‐deficient mutants (STAT3‐Y705F and STAT3‐S727A) suggested that the phosphorylation state of STAT3 does not regulate Elp2 translocation to the nucleus and Hsp70 expression in response to 4PBA. Instead overexpression of other elongator complex proteins, namely Elp1 and Elp3, in similar luciferease reporter assays suggested that Elp3, which contains a NLS, may carry Elp2 into the nucleus in response to 4PBA. Together these data suggest a mechanism by which 4PBA can improve F508del trafficking, and potentially identify new targets for intervention.
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**AN INTEGRATIVE GENOMIC SIGNATURE‐BASED APPROACH TO DISCOVER DRUGS FOR ΔF508‐CFTR RESCUE**

[Strub, M.D.]{.ul} ^1^; Hodos, R.A.^2^; Meleshkevitch, E.A.^3^; Boudko, D.Y.^3^; Bridges, R.J.^3^; Dudley, J.T.^2^; McCray, P.^1^ *1. University of Iowa, Iowa City, IA, USA* *; 2. Icahn School of Medicine at Mt. Sinai, New York, NY, USA* *; 3. Rosalind Franklin University, North Chicago, IL, USA*

**Background:** The common ΔF508‐*CFTR* mutation results in protein misfolding and proteasomal degradation. If ΔF508‐CFTR trafficks to the cell surface, its anion channel function may be partially restored. Several in vitro strategies can partially correct ΔF508‐CFTR trafficking and function including low‐temperature, small molecules, and over‐expression of miR‐138/knockdown of SIN3A (Ramachandran S, et al. PNAS. 2012;109:13362‐7). A challenge remains to translate such interventions into therapies and to understand their mechanisms. One technique for connecting such interventions to small molecule therapies is via mRNA expression profiling. The idea is to identify small molecule‐induced expression responses (previously catalogued for thousands of compounds in the public databases CMAP and LINCS) that are similar to the expression induced by an intervention. In a complementary strategy, one can identify expression that is reversed compared with profiles characterizing diseased vs. healthy individuals or cells. Such genomic signature strategies have previously succeeded for CF (eg, Ramachandran S, et al. Am J Respir Cell Mol Biol. 2014;51:352‐62) as well as other diseases (eg, Dudley JT, et al. Sci Transl Med. 2011;3:96ra76).

**Objective:** To leverage and expand upon previous genomic signature approaches to prioritize and test compounds for rescue of ΔF508‐CFTR trafficking and function.

**Strategy:** We developed CF‐relevant gene sets to use for CMAP/LINCS queries using two strategies. First, we performed a meta‐analysis of previously generated CF expression data, including rescue signatures (eg, temperature treatments and RNAi‐based rescue in CFBE cells) and disease signatures (eg, non‐CF vs. CF pig and human primary epithelia) to create gene sets of up‐ and down‐regulated genes. Secondly, we extracted gene sets from curated pathways related to CFTR processing (e.g., regulation of degradation of ΔF508) from MetaCore. All gene sets were scored against each CMAP and LINCS drug profile. To prioritize compounds for screening, an overall score was calculated for each drug by combining the top signature and pathway scores. We selected 120 candidate small molecules for functional testing. These molecules were administered to CFBE cells (ΔF508/ΔF508) and transepithelial Cl^‐^ conductance was measured using a robotic TECC‐24 assay under open circuit conditions.

**Results:** Initial functional screens identified 38 out of 120 compounds with activity. In electrophysiology studies, these 38 molecules partially restored ΔF508 function, as assessed by cAMP‐activated Cl^‐^ conductance. Over half of these compounds showed significant cooperativity when administered with C18.

**Conclusion:** Improved CF corrector therapies are greatly needed. This integrative drug prioritization approach offers a novel method to both identify small molecules that may rescue ΔF508‐CFTR function and identify gene networks underlying such rescue. Ongoing work includes: 1) assessing activity of hits in primary human CF epithelial cells; and 2) analyzing chemical properties to identify common themes among the set of active compounds.
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**ENGINEERING A STABLE NBD1‐NBD2 FUSION PROTEIN TO IDENTIFY COMPOUNDS STABILIZING THEIR FUNCTIONAL INTERFACE IN HUMAN CFTR**

[Wang, C.]{.ul} ^1^; Vernon, R.M.^2^; Yang, Z.^3^; Zhou, Q.^3^; Brouillette, C.^3^; Forman‐Kay, J.^2^; Hunt, J.^1^ *1. Department of Biological Sciences, Columbia University, New York, NY, USA* *; 2. Molecular Structure and Function, Hospital for Sick Children, Toronto, ON, Canada* *; 3. Department of Chemistry, University of Alabama, Birmingham, AL, USA*

Cystic fibrosis (CF) is a chronic lethal genetic disease, which is caused by mutations in the gene encoding the cystic fibrosis transmembrane conductance regulator (CFTR). Previously, we constructed a variant of nucleotide‐binding domain 1 (hNBD1) from human CFTR that maintains native‐like stability when a visible fluorophore is covalently bound at a single labeling site, and fluorescence self‐quenching (FSQ) of this labeled domain upon unfolding/aggregation provides a robust and accurate high‐throughput assay for compounds that offset the temperature‐depending folding defect in both isolated F508del‐hNBD1 and full‐length human F508del‐CFTR. Using this FSQ assay, we demonstrated that hNBD1 binds several common nucleotide analogs ˜3‐fold tighter than ATP ‐‐ the physiological ligand of hNBD1. We demonstrated that these analogs preserve the gating function of F508del‐hCFTR channels even at 37° C while ATP cannot. We have extended this approach to establish an equivalent FSQ assay for compounds that stabilize the hNBD1‐hNBD2 in interface in human CFTR. This assay exploits a recent breakthrough that produced a monodisperse and stable construct of nucleotide‐binding domain 2 (hNBD2) from human CFTR. We covalently linked this hNBD2 construct to the hNBD1 construct used in FSQ assay via an 80‐residue‐long inter‐NBD linker from EttA ([E]{.ul}nergy‐dependent [t]{.ul}ranslation [t]{.ul}hrottle A) (1, 2), a bacterial protein with two tandem NBDs. Biophysical and structural studies have shown this linker motif from EttA is compatible with functional ATP‐mediated heterodimerization of its tandem NBDs, which are homologous to those in CFTR. Differential scanning calorimetry (DSC) shows that hNBD1 and hNBD2 unfold independently in the resulting hNBD1‐(EttA‐linker)‐hNBD2 fusion protein construct, which is monodisperse at high concentration after purification. We will use the FSQ assay in this construct to screen for compounds that promote tight nucleotide‐dependent thermodynamic interaction between hNBD1 and hNBD2. Such compounds would facilitate high‐resolution structural studies of the functional hNBD1‐hNBD2 interface in human CFTR, which stabilizes the open state of active CFTR channels. Based on the results described above for nucleotide analogs stabilizing isolated hNBD1, such compounds stabilizing the hNBD1‐hNBD2 interface could also potentially represent lead compounds for drugs correcting the temperature‐sensitive folding defect in full‐length human F508del‐CFTR.

**References:**

1\. Boël G, et al. Nat Struct Mol Biol. 2014;21(2):143‐51.

2\. Chen B, et al. Nat Struct Mol Biol. 2014;21(2):152‐9.
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**RECOGNITION OF CFTR BY BCL2‐ASSOCIATED ATHANOGENE 3 (BAG3): A PATHWAY MEDITATING AUTOPHAGIC CFTR DEGRADATION**

[Mishra, S.K.]{.ul}; Frizzell, R.A. *Pediatrics and Cell Biology, University of Pittsburgh, Pittsburgh, PA, USA*

Cystic fibrosis is an inherited disease caused by mutations in the cystic fibrosis transmembrane conductance regulator (CFTR), a channel that mediates anion secretion across airway cells and other epithelial surfaces where CFTR is expressed. The most common mutation causing CF disease is the deletion of three nucleotides that omits phenylalanine at position 508, causing the newly synthesized protein to misfold and leading to its ubiquitin‐dependent degradation by the proteasome. This process is generally mediated by the prolonged interaction of CFTR folding mutants with chaperones that cooperate with ubiquitin E2/E3 enzymes. BAG3 has been identified as a co‐chaperone of HSP70/HSC70 that can target misfolded and aggregated proteins for selective autophagic degradation. Via their BAG domains, the cytoplasmic BAG family of proteins interacts with the ATPase domain of HSP70 with high affinity (Rosati A, et al. Cell Death Dis. 2011;2:e141). Here, we provide evidence that BAG3 participates in the chaperone‐assisted degradation of CFTR by autophagy.

Our initial set of experiments demonstrated an increase in CFTR band B upon siRNA‐mediated BAG3 knockdown in F508del‐CFBE cells, suggesting a block of mutant CFTR autophagic degradation. This experiment allowed us to further investigate what role BAG3 and small heat shock proteins play in misfolded CFTR degradation.

It is established that the interaction of small heat shock proteins (sHsps), Hsp22 and Hsp20, with BAG3 occurs though its IPV motifs, which are present in hydrophobic grooves (b4 and b8 strand) of the protein (Fuchs M, et al. Biochem J. 2009;425:245‐55). In the present study, we examined the interaction of Hsp27 with BAG3, since it is possible that Hsp27 interacts with BAG3 similarly to other sHsps. We previously showed that Hsp27 initiates the degradation of F508del CFTR by promoting modification of the mutant by SUMO‐2/3 (Ahner A, et al. Mol Biol Cell. 2013;24:74‐84). We show here that overexpressed Hsp22 also reduces the CFTR band B. In view of the recognized interaction of Hsp22 with the BAG3‐mediated degradation pathways, it was of interest to evaluate similarities/differences between these pathways for sHsp‐mediated degradation. We demonstrated the selective recognition of CFTR band B by BAG3 in direct protein‐protein interaction studies, and a BAG3 point mutation, R480A, which blocks its interaction with HSP70, also abolishes BAG3\'s interaction with immature CFTR. These findings suggest that BAG3 recognition of CFTR requires the cooperation of HSP70. The involvement of the aggresome marker, LC3, in this pathway provided further evidence for selective targeting of BAG3 towards aggresomal structures: aggregates of CFTR were found to be co‐localized with LC3 positive compartments in COS7 cells and LC3 was also co‐precipitated with CFTR in immunoprecipitation assays. Altogether, these data suggest that the selective disposal of misfolded CFTR can be mediated by aggresome‐lysosomal degradation, assisted by chaperone‐mediated autophagy, and for CFTR, they identify a role for sHsps in cooperating with BAG3 in this process. \[Supported by grants from the NIDDK (R01 068196) and from the CFFT (FRIZZE05X0)\].
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**ALLOSTERIC EFFECTS OF THE NBD1 C‐TERMINAL REGION DISRUPT C18‐MEDIATED CORRECTION OF F508DEL‐CFTR**

[Yoon, J.]{.ul} ^1,3^; Yang, Z.^1^; Skach, W.R.^1,3,2^ *1. Biochemistry and Molecular Biology, Oregon Health & Science University, Portland, OR, USA* *; 2. Cystic Fibrosis Foundation, Bethesda, MD, USA* *; 3. CFFT Lab, Cystic Fibrosis Foundation Therapeutics, Lexington, MA, USA*

The most prevalent CF‐causing mutation, F508del, impairs not only the first nucleotide‐binding domain (NBD1) folding but also interdomain assembly of CFTR, resulting in defective trafficking of the protein to the plasma membrane in cells. The Phe508 residue lies at an interface of NBD1 and the intracellular cytoplasmic loop 4 (ICL4) in transmembrane domain 2 (TMD2). A recent NMR study indicated that the ICL4 interaction induces an allosterically coupled conformational change in NBD1 at the region of Phe508 and the C‐terminal region including beta‐stands S9/10 and helices H8/9. Interestingly, S9/10 and H8/9 are located distal to Phe508 in the NBD1 structure, and are critical for CFTR processing and channel activity. Histidine at residue 620 (His620) in S9 is well conserved across species. In human CFTR, amino acid substitution at His620 has been reported for four missense variants, H620Q, H620P, H620L, and H620R. When exogenously expressed in HEK293 cells, three of these, H620P, H620L, and H620R disrupted CFTR maturation. In contrast, H620Q CFTR was properly processed with a similar level of maturation as wild‐type CFTR. All four His620 variants in *cis* with F508del failed to mature. Thus, H620Q is neither a processing defect mutation nor a second‐site suppressor. In contrast, H620Q blocked the ability of a small‐molecule corrector C18 (a VX‐809 analog) to rescue F508del CFTR. Because a mutation R1070W in ICL4 perturbs the NBD1‐ICL4 contact without any direct alteration of NBD1 folding, we examined its effect on CFTR biogenesis in *cis* with H620Q. H620Q/R1070W CFTR further decreased a level of maturation and C18 response compared to that of R1070W CFTR. These results imply that H620Q exerts a mild folding defect on NBD1, which aggravates the biosynthetic defects of F508del CFTR. Enhancement of NBD1 folding by deletion of RI (RIdel) or restoration of NBD1‐ICL4 contact by introduction of a second‐site suppressor R1070W partially rescued F508del/H620Q CFTR, but H620Q still lowered the level of C18‐rescue compared to F508del CFTR. Our results indicate that allosteric folding effects of the NBD1 C‐terminal region play a role in C18‐mediated correction of F508del CFTR. C18 response to the allosteric folding defects of F508del CFTR can be partially restored by combination of the two separate folding mechanisms ‐ improvement of NBD1 folding and facilitation of NBD1‐TMD2 interdomain assembly. Supported by NIH and CFF.
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**MICRORNA‐145 MEDIATES TGF‐β DOWNREGULATION OF CFTR IN AIRWAY EPITHELIAL CELLS**

[Kabir, F.L.]{.ul} ^1^; Halloran, B.^1^; Mazur, M.^2^; Harris, W.T.^1,2^ *1. UAB Pediatric Pulmonology, Birmingham, AL, USA* *; 2. UAB CF Research Center, Birmingham, AL, USA*

**Introduction/Rationale:** TGF‐β is an established genetic modifier of CF disease with direct effects on CFTR synthesis and function. Currently, the molecular mechanisms that underlie the interplay between CFTR and TGF‐β remain poorly defined. MicroRNAs (miRNAs), 22‐nucleotide non‐coding strands that destabilize mRNA and repress protein translation, are emerging epigenetic modifiers of pulmonary disease. miR‐145 is of particular interest as it is upregulated by TGF‐β and has a direct binding site on the 3\'‐untranslated region (UTR) of the CFTR transcript.

**Hypothesis:** miR‐145 regulates TGF‐β‐dependent suppression of CFTR in airway epithelial cells.

**Methods:** Polarized human CF (F508del homozygous) and non‐CF primary airway epithelial cells were grown on Transwell membranes at airway liquid interface until terminally differentiated (transepithelial resistance \>1000 Ω). CFTR was manipulated with CFTR~Inh~‐172 (WT cells only, 20 μM), lumacaftor (CF cells only, 3μM), TGF‐β (5ng/mL), a miR‐145 mimic (20nM), and a miR‐145 antagonist (20nM). Probe‐based quantitative PCR assays (Taqman) and immunoblotting were performed to determine gene‐ and protein‐expression profiles.

**Results:** Under basal conditions, CF primary airway epithelial cells showed a 3‐fold increase in both TGF‐β transcription and signaling (p\<0.01) and a 10‐fold increase in miR‐145 synthesis (p\<0.01). In WT cells, exogenous TGF‐β increased miR‐145 2‐fold, lowered CFTR protein levels 3‐fold (p\<0.01) and decreased CFTR transcripts \>5‐fold (p\<0.01). The miR‐145 mimic alone decreased CFTR protein levels 5‐fold (p\<0.01). The miR‐145 antagonist reversed TGF‐β‐induced CFTR suppression 3‐fold (p\<0.05). In CF primary epithelia, TGF‐β eliminated the benefit of lumacaftor on CFTR protein and mRNA, halving both lumacaftor‐stimulated protein levels and mRNA transcripts (p\<0.05). Anti‐miR 145 blunted TGF‐β suppression of lumacaftor benefit, increasing CFTR mRNA by 65% (p\<0.01). In addition to its CFTR‐specific effects, anti‐miR 145 decreased a panel of TGF‐β dependent pathways (BMP2, LTBP2, EGR2 -- significantly upregulated in CF lungs) under unstimulated conditions and neutralized the response of TGF‐β provocation to basal levels in CF and WT cells.

**Conclusions:** Our results provide a mechanism through which TGF‐β downregulates CFTR synthesis in WT cells and inhibits lumacaftor‐mediated CFTR response in CF epithelia. TGF‐β upregulates miR‐145 to destabilize CFTR transcripts. miR‐145 antagonism attenuates (but does not eliminate) TGF‐β stimulation in CF and WT primary epithelial cells, with effects on multiple CF‐relevant TGF‐β‐dependent pathways. Our findings suggest miR‐145 mediates TGF‐β suppression of CFTR modulation in the diseased CF lung. Antagonists to miR‐145 may offer a beneficial complement to CFTR‐directed treatment strategies. Future investigation will assess the response of other CFTR modulators to miR‐145 manipulation and evaluate the effect of this miR on CFTR function.

**Acknowledgement:** Gilead Sciences CF Research Scholars Program, Children\'s of Alabama Kaul Pediatric Research Institute.
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**A NOVEL MODULATOR OF CFTR CHLORIDE ION MOBILITY WITH A DISTINCT MUTATION‐SPECIFIC PROFILE TO EXISTING CFTR MODULATORS**

[Parks, D.J.]{.ul}; Miller, J.; Drew, L.; Bastos, C.; Green, O.; Patel, N.; Aghamohammadzadeh, S.; Villella, A.; Springer, Z.L.; Qiu, D.; Kombo, D.; Giuliano, K.; Longo, K.; Ivarsson, M.; Tyler, R.; Lee, P.; Munoz, B. *Proteostasis Therapeutics, Inc., Cambridge, MA, USA*

Deletion of phenylalanine 508 (F508del) in CFTR, a Class II folding and maturation mutant, is the most common mutation associated with CF. As a result of the F508del mutation, the vast majority of CFTR protein is degraded through the proteasome, resulting in a deficiency of functional CFTR protein at the plasma membrane, and ultimately a deficiency in chloride ion flux. Even with pharmacological rescue through corrector treatment, the F508del CFTR protein at the cell surface still shows defective channel opening. This deficiency can be overcome by the addition of potentiator molecules.

Building on Proteostasis Therapeutics, Inc.\'s CFTR amplifiers, a high throughput phenotypic screen was performed in search of novel F508del‐CFTR modulators which efficiently synergize with the amplifier class of modulators. Due to the reported in vitro destabilization of CFTR protein by chronic exposure to certain potentiators, chronic dosing conditions were employed in the phenotypic screen to discover potentiator‐like molecules that lack this destabilization effect. To enrich for compounds that confer potentiator activity, forskolin‐mediated activation of the F508del‐CFTR was performed without the acute addition of potentiator molecules. Under this paradigm, several distinct chemical series of novel CFTR modulators were discovered.

While these modulators were selected for their lack of destabilization activity with chronic exposure, one new class of compounds also demonstrates activity in HBEs with acute exposure. The series do not exhibit amplifier activity in that they do not increase the level of immature CFTR protein. The compounds do not increase the level of mature CFTR protein, consistent with a lack of corrector activity. Further investigation of these modulators shows that on F508del‐CFTR, they work cooperatively with known correctors and amplifiers, but do not synergize with known potentiators. Lastly, in CFTR‐mediated chloride transport assays, these compounds demonstrate a mutation‐dependent efficacy that is distinct from that of known CFTR potentiators.

In summary, we report a new class of CFTR modulators with characteristics distinct from known potentiators, correctors and amplifiers, and may represent a novel mechanism for improving mutant CFTR function.
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**INTERFERENCE WITH POSTTRANSLATIONAL MODIFICATION OF LYSINES MODIFIES STABILITY OF F508DEL CFTR**

[Lee, S.]{.ul} ^1^; Odeh, H.M.^2^; Matunis, M.J.^2^; Zeitlin, P.^1^ *1. Department of Pediatrics, The Johns Hopkins School of Medicine, Baltimore, MD, USA* *; 2. Department of Biochemistry and Molecular Biology, The Johns Hopkins School of Public Health, Baltimore, MD, USA*

**Objectives:** It is generally recognized that both wild‐type and F508del CFTR proteins undergo posttranslational modifications such as ubiquitination and sumoylation at multiple lysines in the protein and in one or more subcellular locations. Previously our group showed that ubiquitination of lysine residues in wild‐type CFTR regulates its stability and subcellular localization. Here, we hypothesize that compared to wild‐type CFTR, lysine residues in F508del CFTR are differentially modified during posttranslational modification and interference with posttranslational modification of lysine residues in F508del CFTR stabilizes the protein and regulates subcellular localization.

**Methods:** IB3‐1 cells were transfected with F508del CFTR cDNA in which site‐directed mutation of lysine to arginine was performed to prevent posttranslational modifications. Whole cell and plasma membrane expression levels of F508del CFTR and the K‐to‐R mutants in F508del CFTR were measured. Posttranslational modifications such as ubiquitination and sumoylation were analyzed by immunoblot assay.

**Results:** Previously we showed that posttranslational modification of specific lysine residues regulates the stability and subcellular localization of wild‐type CFTR. However, these same lysine residues in F508del CFTR do not play a similar role except for the N‐tail lysine residues. Instead, we found different lysine residues in F508del CFTR are involved in stabilizing protein expression. Using a combination of steady‐state immunoblot analysis and surface biotinylation, we demonstrated that lysine‐to‐arginine mutations in the N‐tail, NBD1 and R domain led to mature CFTR production along with increased sumoylation.

**Conclusions:** N‐tail, NBD1 and R domain lysine resides in F508del CFTR are critical for degradation of the CFTR protein and interference with posttranslational modification of the lysine‐to‐arginine mutation allows mature CFTR production. Ubiquitination and/or sumoylation are likely involved in biosynthesis and further processing. Understanding the posttranslational modifications of CFTR that stabilize its production may lead to improved protein‐sparing therapeutic strategies.
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**IDENTIFICATION OF "SUPER" THERMOSTABILIZING NBD1 MUTATIONS FOR INTRODUCTION INTO EXOGENOUSLY EXPRESSED HUMAN CFTR DESTINED FOR LARGE‐SCALE PURIFICATION AND BIOPHYSICAL CHARACTERIZATION**

[Yang, Z.]{.ul} ^1^; An, J.^1^; Zhou, Q.^1^; Khazanov, N.^2^; Hildebrandt, E.^3^; Dai, Q.^1^; Ding, H.^1^; Macon, K.J.^1^; He, L.^4^; Riordan, J.R.^4^; DeLucas, L.J.^1^; Kappes, J.C.^1^; Urbatsch, I.L.^3^; Senderowitz, H.^2^; Brouillette, C.^1^ *1. University of Alabama at Birmingham, Birmingham, AL, USA* *; 2. Bar‐Ilan University, Ramat‐Gan, Israel* *; 3. Texas Tech Univ Health Sciences Ctr, Lubbock, TX, USA* *; 4. UNC at Chapel Hill, Chapel Hill, NC, USA*

Several second‐site mutations in NBD1, alone or in combinations, thermally stabilize the isolated NBD1 and promote maturation and trafficking of full‐length (FL) F508del‐CFTR (He, et al. J Mol Biol. 2015;16:106‐20). Importantly, their corrective effect was also shown to positively correlate with the extent of NBD1 thermal stabilization. The latter observation enables NBD1 stabilization to predict F508del‐CFTR correction. A subset of these mutations was also shown to increase exogenous expression levels of WT CFTR, as well as the purification yield and thermostability of reconstituted channel activity (Aleksandrov, et al. Protein Expr Purif. 2015;116:159‐66). The immediate goal of the present study was to extend the previous work to identify additional NBD1 mutations that maximally stabilize the isolated domain when combined; some of these, like M470V, are newly reported NBD1 stabilizers. Using differential scanning calorimetry (DSC), the unfolding temperatures (T~m~) of 14 single stabilizing mutants in NBD1 (aa 387‐646, Δ405‐436) were determined. Various combinations of two, three or more were also introduced into NBD1 for T~m~ determination. More than 20 such NBD1 mutants were studied and it was found that the stabilizing effect was generally additive; exceptions were noted and will be presented. The largest stabilizing effect was observed with a combination of 6 top‐ranked single mutations, which increased the NBD1 T~m~ by close to 30^o^C over WT NBD1 (aa 387‐646). A smaller subset was also introduced into the F508del‐NBD1 and some differences in the extent of stabilization were found. To correlate T~m~‐shifts with structural parameters, and ultimately predict T~m~‐shifts of new mutations, the 14 single mutations were modeled into the existing NBD1 structure (PDB ID: 2PZE) of the NBD1 construct studied here. Changes in solvent‐accessible surface area were calculated, and the free energy of stabilization (ΔΔG) was computed using several different ΔΔG prediction algorithms. Favorable qualitative and quantitative correlations between the predicted ΔΔG and the actual T~m~‐shifts were found, setting the basis for predicting the effect of future mutations on NBD1 stability. Such predictions could be potentially extended to full‐length CFTR. Selected combo‐mutations were introduced in human WT FL CFTR, expressed in mammalian cells, purified and their unfolding temperatures determined. A positive correlation between NBD1 T~m~ and CFTR T~m~ was observed and results will be shown. A detailed analysis of the thermal unfolding will be presented in another poster (Urbatsch et al.). This work is supported by the Cystic Fibrosis Foundation Therapeutics.
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**ARE CORRECTORS SPECIFIC FOR CFTR? RESCUING ABCA4 TRAFFICKING MUTANTS WITH VX‐809**

Sabirzhanova, I.^3^; Guggino, W.B.^2^; [Cebotaru, L.]{.ul} ^1^ *1. Medicine, Johns Hopkins U, Baltimore, MD, USA* *; 2. Department of Physiology, Johns Hopkins U, Baltimore, MD, USA* *; 3. Department of Physiology and Medicine, Johns Hopkins U, Baltimore, MD, USA*

Mutations in *abca4* cause Stargardt macular degeneration, which results from failure to recycle all‐trans retinal invariably ending in legal blindness. There is no known cure. We tested the hypothesis, using cells stably expressing common disease‐causing mutants, A1038V, R1108C (previously published) and R1129C in NBD1 and G1961E in NBD2, that correctors that rescue ΔF508‐CFTR (ABCC7) also rescue *abca4* mutations because of the high degree of homology between their NBDs. VX‐809 (Selleck Chem.) was applied (10 and 20 μM) for 16h in HEK293 stably expressing the mutants. R1108C and R1129C express 60% less protein than wt ABCA4. Large increases in mutant protein levels occurred in cells grown at 27^o^C demonstrating that both mutants just like many CFTR trafficking mutants are temperature sensitive. When translation was inhibited, mutant proteins rapidly disappeared, whereas wt‐ABCA4 remained stable. The data indicate that these mutant ABCA4 proteins are unstable and rapidly degraded similar to ΔF508‐CFTR. The corrector VX‐809 increased total protein and cell surface expression of R1108C and R1129C by 1.5 and 2 fold, respectively. In contrast the effect of VX‐809 on A1038V and G1961E was greater increasing the steady‐state protein levels by between 2 and 3 fold with the greatest response noted with A1038V. Following treatment with VX‐809 both mutants can now be observed at the plasma membrane as assessed by surface biotinylation suggesting that trafficking to the plasma membrane is restored. Interestingly, VX‐809, considered to be a class 1 corrector, was effective in increasing the steady‐state protein levels of ABCA4 mutants whereas the combination of class 1 and 2 was not additive compared to VX‐809 alone. This is in contrast to ΔF508‐CFTR where combination of Class 1 and 2 correctors is most effective. Our studies show that Hsp 27 and 40 are important for the rescue of ΔF508‐CFTR but not the ABCA4 mutants where VX‐809 may rescue the mutant protein by a direct effect on the folding.

**Conclusion:** Correctors for ΔF508‐CFTR will rescue ABCA4 mutants selected within regions of greatest similarity. Our results suggest that VX‐809 may even be more effective in increasing the trafficking of the ABCA4 mutants than it is for ΔF508‐CFTR. Because VX‐809 is already in clinical trials for CF, consideration should be given to the possibility that it affects other ABC transporter proteins with motifs in common with CFTR.
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**RESCUE OF PREMATURE STOP MUTATIONS R1162X AND W1282X BY A COMBINATION OF SMALL MOLECULE CORRECTORS**

Boinot, C.^1^; Sabirzhanova, I.^1^; Guggino, W.B.^2^; [Cebotaru, L.]{.ul} ^1^ *1. Department of Medicine, Johns Hopkins U, Baltimore, MD, USA* *; 2. Department of Physiology, Johns Hopkins U, Baltimore, MD, USA*

In CF, approximately 90% of the patients have at least one copy of the F508del mutation and over 70% are homozygous for this mutation. Severe CF is also caused by class I mutations including premature stop codon mutations, which are found on 5‐10% of CF chromosomes. Thus, to achieve the goal of treating everyone, therapies have to be developed to restore function to patients with early stop codons. Several studies performing systemic administration of gentamicin showed that aminoglycosides can partially rescue CFTR activity in CF subjects with Class 1 mutations.

The purpose of the present work was to investigate two common disease‐associated stop mutations, R1162X (stop codon between M12 and NBD2) and W1282X (NDB2) and how these mutations can be rescued by treating cells with small molecule correctors.

We used the polarized airway epithelial cells CFBE41o‐ stably expressing either a CFTR‐R1162X or --W1282X cDNA created in our lab using the Flip‐in technology. Both cell lines display small steady‐state amounts of truncated, R1162X and W1282X proteins. Surprisingly, when treated with the proteasome inhibitor, MG132, steady‐state levels of R1162X and W1282X increase by 20‐ and 6‐fold respectively. Smaller but significant increases were noted when HDAC6 was inhibited by tubacin. Application of a combination of small molecule correctors C4 + 18 increased steady‐state levels of truncated protein of R1162X and W1282X between 2‐3 fold. These data indicate that truncated protein is produced but rapidly degraded. The combination of C4+18 plus gentamicin (800 μg/mL for 24h) produced 5‐ and 10‐fold increases in CFTR protein respectively. To determine whether the chloride transport function of R1162X‐ and W1282X CFTR can be restored, we performed short circuit current experiments. CFTR‐dependent chloride currents increased approximately 2‐fold for both mutants when treated with the combination of C4+18. The currents also increased about 2‐fold for both mutants when treated with gentamicin. Treating cells with C4+18 plus gentamicin did not increase CFTR‐generated currents in cells containing the R1162X mutation compared to each treatment alone. In contrast C4+18 plus gentamicin treatment did increase the CFTR‐dependent currents in cells containing the W1282X mutant by 3‐fold compared to 2‐fold when each treatment was applied individually.

**Conclusion:** We provide evidence that R1162X and W1282X can generate truncated proteins that are rapidly degraded. Combinations of correctors can increase the levels of the mutant proteins. Our functional studies showed that gentamicin plus correctors may be the preferred treatment particularly for the R1282X mutant. Although these stop mutations can be rescued to some extent with a combination of corrector plus a read‐through agent, the better option may be achieved using AAV vectors that contain CFTR; which generate chloride currents on their own.

**AIRWAYS PHYSIOLOGY, PATHOPHYSIOLOGY & DEFENSE**
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**REGIONAL VARIATION OF LUNG MACROPHAGE FUNCTION PREDICTS REGIONAL HETEROGENEITY OF BRONCHIECTASIS IN PATIENTS WITH CYSTIC FIBROSIS**

Hazlett, H.F.^1^; Czum, J.^2^; Nymon, A.^1^; Dorman, D.^2^; Griffin, M.^2^; [Ashare, A.]{.ul} ^1,2^ *1. Geisel School of Medicine at Dartmouth, Lebanon, NH, USA* *; 2. Dartmouth Hitchcock Medical Center, Lebanon, NH, USA*

**Background:** Lung function decline in CF can be largely attributed to irreversible destruction of the muscle and elastic tissue of the airways, a process referred to as bronchiectasis. Reports clearly demonstrate that bronchiectasis develops in localized regions of the lung, and that these specific regions of bronchiectasis worsen over time. Recent reports demonstrate that bronchiectasis develops preferentially in the upper lobes of the lung, despite mucus plugging occurring more diffusely. We have previously shown that there is stability of the microbiome in different regions of the lung despite clear differences in regional lung damage. These findings suggest that local host factors promote lung damage, but the actual mechanism underlying regional heterogeneity of disease remains unclear

**Methods:** Fifteen CF subjects underwent CT scan and bronchoscopy. A CT scan was obtained with calculation of lobar Brody scores. After local anesthesia, a bronchoscope was inserted transorally and passed through the vocal cords. Regional bronchoalveolar lavage (BAL) samples were obtained from the lobes with the highest, lowest, and median Brody scores and primary alveolar macrophages (AMs) were isolated from each region. Regional inflammatory cytokines were measured by ELISA.

**Results:** We found that the majority of patients had the highest Brody scores in the RUL and that inflammatory cytokine levels correlated significantly with Brody score. The regional differences in Brody score were due in large part to regional differences in bronchiectasis and peribronchial wall thickening. AMs from the region with the highest Brody score demonstrated a more robust inflammatory response to hypoxia compared to AMs from regions with the lowest Brody score. There was no regional difference in the inflammatory response of AMs to *Pseudomonas*. RNA‐Seq analyses of regional AMs demonstrated upregulation of genes regulating glycolysis in AMs isolated from regions with the highest Brody scores. Using a Seahorse XF, we confirmed that AMs from regions with a higher Brody score are more glycolytic compared to AMs from regions with a lower Brody score. In addition, treating AMs from high Brody score regions with a glycolysis blocker resulted in decreased inflammation following hypoxia.

**Conclusions:** Our study is the first to demonstrate that there are metabolic differences between AMs isolated from different regions of the CF lung. These data suggest that glycolysis/OX PHOS balance may be an important regulator of hypoxia‐induced inflammation by AMs. This balance alters the pool of reducing equivalents, which directly affects the epigenetic landscape of the cells, thereby altering their potential metabolic responses.

**Funding:** This work was funded by the NIH (R01HL122372) and CFF (ASHARE15A0) to AA.
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**DYSFUNCTIONAL CD4+ T CELL MEMORY RESPONSES HELP DRIVE PERSISTENT INFECTION AND MAY PREDICT DISEASE COURSE IN CYSTIC FIBROSIS**

[Saavedra, M.T.]{.ul} ^1,2^; Rysavy, N.^1^; Caceres, S.^1^; Nick, J.A.^1,2^ *1. National Jewish Health, Denver, CO, USA* *; 2. University of Colorado, Aurora, CO, USA*

**Background:** Treatment outcomes in acute pulmonary exacerbations (APE) of cystic fibrosis (CF) are suboptimal, as 25% of treated subjects do not return to baseline pulmonary function following therapy. There is a growing appreciation that dysregulated T cell responses, specifically Th17 and Th2‐skewed cytokine profiles, may contribute to pathogenic CF inflammation, but their role at the time of APE is incompletely understood. Effector memory CD4+ T cells are a useful model system of CF immune signatures because they are abundant in lung tissue, traffic to the peripheral circulation, and should manifest a recall program, in response to stimulation, which allows the host to efficiently clear pathogens. We hypothesized that, at the time of pulmonary exacerbations, differences in memory cell effector functions, including cytokine production and proliferation, would stratify subjects who exacerbate frequently (\>2/year), versus those who require intravenous antibiotics infrequently (\<1/year).

**Methods:** CF subjects diagnosed with acute exacerbation, by a faculty member of the Colorado Adult CF Program, underwent phlebotomy at the diagnosis and then at the end of APE treatment, under an IRB‐approved protocol. Patients were designated into "frequent (\>2/year)" versus "infrequent (\<1/year) " exacerbator categories. CD4+ memory T cells were isolated and phenotypes were determined by flow cytometry. Ex vivo stimulation of isolated memory T cells via the T cell receptor (CD3/CD28 agonistic antibodies) allowed global activation of previously programmed effector functions and were compared to memory T cell responses in normal and healthy CF subjects.

**Results:** The ability of memory CD4+ T cells from all CF subjects (baseline, before, and after exacerbation) to express lfng, when maximally activated through the T cell receptor (TCR), falls short of normal healthy controls (p=0.03, n= 30 CF, n=10 normals). Frequent exacerbator memory CD4+ T cells manifest a phenotype characterized by low proliferation of lfng‐expressing memory cells, increases rather than decreases in IL‐17 expression by APE end, and more frequent dual expression of IL‐17 and IL‐4 (p\<0.05). All CD4+ memory cells drawn before and after exacerbation treatment demonstrated marked expression of T cell exhaustion marker, PD‐1, compared to normal controls (p \< 0.05).

**Conclusions:** The CD4+ memory T cell subset as measured from peripheral blood has a distinct signature at the time of APE and can be linked to disease course. We have characterized that CD4+ effector memory T cells in CF hosts with pulmonary exacerbations demonstrate an immunosuppressive phenotype, with evidence of T cell exhaustion, reduced proliferation, and reduced interferon gamma, suggestive of defective bacterial killing. Since these immunologic signatures are directly measurable from peripheral blood, they represent a potentially useful tool to stratifying patient responses at the time of exacerbation treatment, serving not only as a biomarker of host defense but also as a target for future immune modulation.
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**VX‐809/VX‐770 ENHANCES THE PHAGOCYTOSIS AND KILLING OF *PSEUDOMONAS AERUGINOSA* BY CF MACROPHAGES**

[Stanton, B.A.]{.ul} ^1^; Barnaby, R.^1^; Berwin, B.^1^; Ashare, A.^1,2^ *1. Microbiology and Immunology, Geisel School of Medicine at Dartmouth, Hanover, NH, USA* *; 2. Department of Medicine, Geisel School of Medicine at Dartmouth, Hanover, NH, USA*

Macrophages play a key role in clearing *P. aeruginosa* lung infections. In response to bacterial infection macrophages migrate into the lungs where they phagocytose and kill bacteria and release several cytokines including IL‐1β, IL‐6, IL‐8, IL‐10 and TNF‐α. However, in CF, macrophages exhibit a reduced ability to kill *P. aeruginosa* and manifest increased cytokine secretion compared to non‐CF macrophages. Several reports have demonstrated that CFTR is expressed in macrophages and the bactericidal activity of macrophages is defective in CF. Moreover, inhibition of wt‐CFTR by CFTRinh‐172 reduces phagocytosis by macrophages. By contrast, VX‐325 increases the export of F508del‐CFTR from the endoplasmic reticulum to the plasma membrane and F508del‐CFTR‐dependent Cl^‐^ currents in CF monocytes. We have shown that VX‐325 increases the abundance of F508del‐CFTR in immune cell phagolysosomes, which play an important role in bactericidal activity. Recent clinical trials with VX‐809 + VX‐770 (Orkambi) in CF patients homozygous for the F508del mutation have demonstrated a small increase in FEV1 and a decrease in the rate of exacerbations. However there are no studies on the effect of VX‐809 + VX‐770 on the ability of macrophages to phagocytose and kill *P. aeruginosa*. Thus, the goal of this study was to examine the ability of VX‐809 + VX‐770 to stimulate CF macrophages to phagocytose and kill *P. aeruginosa* and to reduce cytokine secretion. Stable subjects with CF (n = 5, F508del/F508del) donated blood and isolated monocytes were differentiated into macrophages (monocyte‐derived macrophages, MDM) by incubation with M‐CSF (100 ng/mL) for 7 days. VX‐809 (3 μM) increased the phagocytic uptake of *P. aeruginosa* compared to vehicle‐treated MDMs by 84%. Although the combination of VX‐809 (3 μM) + VX‐770 (5 μM) also increased the phagocytic uptake of *P. aeruginosa*, compared to vehicle‐treated MDMs, the increase was 36%, a value significantly less than with VX‐809 alone. VX‐809 alone increased the ability of MDMs to kill phagocytosed *P. aeruginosa* by 110% compared to vehicle‐treated MDMs. VX‐809 + VX‐770 also increased the ability of MDMs to kill *P. aeruginosa* compared to vehicle‐treated MDMs by 27%, a value less than the increase with VX‐809 alone. Preliminary studies also revealed that VX‐809 decreased *P. aeruginosa*‐stimulated secretion of IL‐1β, IL‐6, IL‐8, IL‐10 and TNF‐α by MDMs by 54%, 28%, 24%, 60%, and 32%, respectively. Moreover, the combination of VX‐809 + VX‐770 was more effective in decreasing *P. aeruginosa*‐stimulated cytokine secretion by MDMs than VX‐809 alone. VX‐809 + VX‐770 reduced *P. aeruginosa*‐stimulated IL‐1β, IL‐6, IL‐8, IL‐10 and TNF‐α secretion by 60%, 99%, 67%, 99% and 97%, respectively. In conclusion, VX‐809 increased the ability of CF MDMs to phagocytose and kill *P. aeruginosa*, while VX‐770 reduced the efficacy of VX‐809 to stimulate the ability of CF MDMs to phagocytose and kill *P. aeruginosa*. By contrast, VX‐770 increased the ability of VX‐809 to reduce *P. aeruginosa*‐stimulated cytokine secretion by CF MDMs. Supported by the NIH (RO1‐HL‐074175 and P20‐RR018787) and the CFF (STANTO15R0 and STANTO16G0 to BAS and ASHARE15A0 to AA).
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**ALTERED ABUNDANCE OF HVCN‐1 IN NEUTROPHILS OF INDIVIDUALS WITH CYSTIC FIBROSIS IMPACTS ON PHAGOSOMAL PH AND DEGRANULATION**

[Browne, N.]{.ul} ^1^; White, M.^1^; Pohl, K.^1^; Gargoum, F.S.^1^; Hawkins, P.^2^; Qayyum, S.^2^; Reeves, E.^1^; McElvaney, N.G.^1^ *1. Medicine, Royal College of Surgeons Ireland, Dublin, Beaumont, Ireland* *; 2. Beaumont Hospital, Dublin 9, Ireland*

**Introduction:** Cystic fibrosis (CF) is an inherited genetic condition resulting in a higher frequency of airway infections causing irreversible damage to the lung and eventual respiratory failure. Increasing evidence suggests that CF neutrophils possess an intrinsic and pathological inflammatory defect. Hydrogen voltage‐gated channel 1 (HVCN‐1) is a transmembrane proton channel that regulates pH changes across the cell membrane. In neutrophils, HVCN‐1 is central to the sustained activity of the NADPH oxidase upon uptake of a pathogen. Murine HVCN‐1 knockout studies have demonstrated an increased phagosomal pH, significantly higher primary granule degranulation and reduced killing by neutrophils. As CF neutrophils demonstrate increased primary granule degranulation we hypothesised that CF cells may have reduced abundance of HVCN‐1. The aim of this work was to investigate whether HVCN‐1 was altered on the surface of CF neutrophils resulting in altered pH and phagosomal killing.

**Methods:** Ethical approval was obtained from Beaumont Hospital. Patients with CF homozygous for the ΔF508 mutation or heterozygous for the G551D mutation and receiving ivacaftor were recruited to this study. Neutrophil phagosomes were isolated postphagocytosis of IgG‐opsonised latex particles, followed by nitrogen cavitation and subsequent sucrose gradient ultracentrifugation. Western blot and FACs analysis for HVCN‐1 was performed on isolated CF ΔF508*,* G551D, non‐CF bronchiectasis (NCFB) and healthy control (HC) neutrophils. Altered phagosomal pH was assessed postphagocytosis of *Staphylococcus aureus* labelled with the pH‐sensitive fluorescence probe BCECF. Statistical analysis was carried out using GraphPad Prism 5.

**Results:** Protein abundance of HVCN‐1 was significantly reduced in whole cell lysates of CF ΔF508 neutrophils compared to HC (p\<0.05) and NCFB (p\<0.05) (n=5). HVCN‐1 abundance on neutrophil membranes was significantly decreased in CF ΔF508 neutrophils at rest and poststimulation (TNF‐alpha/IL‐8) compared to HC (p\<0.05) and NCFB (p\<0.001) (n=4). The pH of CF ΔF508 cytosols was lower than HC neutrophil cytosols (p\<0.05) and inhibition of HVCN‐1 by ZnCl~2~ reduced cytosolic pH compared to nontreated HC cells (p\<0.05). The CF phagosome demonstrated a significantly higher pH compared to HC phagosomes (p\<0.05, n=3). Significantly higher levels of the primary granule marker myeloperoxidase (MPO) (p\<0.05) was observed in CF ΔF508 phagosomes compared to HC (n=13). The inhibition of HC neutrophil HVCN‐1 with ZnCl~2~ increased primary granule degranulation compared to untreated cells. The abundance of HVCN‐1 protein both intracellularly (p\<0.05) and on the neutrophil membrane (p\<0.001) was restored to HC levels in G551D patients receiving ivacaftor. Similarly, intraphagosomal primary degranulation was significantly reduced in G551D patients receiving ivacaftor therapy.

**Conclusion**: Reduced abundance of HVCN‐1 in CF neutrophils generates an alkaline phagosomal pH, unphysiologically low for adequate ROS production, ultimately leading to impaired bacterial killing in CF.

**76\***

**BACTERIAL THIOREDOXIN REDUCTASE IS A TARGET FOR HYPOTHIOCYANITE‐MEDIATED ANTIMICROBIAL EFFECTS**

[Day, B.J.]{.ul} ^1^; Min, E.^1^; Nichols, D.^2^; Chandler, J.D.^3^ *1. Medicine, National Jewish Health, Denver, CO, USA* *; 2. Pediatrics, National Jewish Health, Denver, CO, USA* *; 3. Div Pulmonary, Allergy and Critical Care Medicine, Emory University, Atlanta, GA, USA*

**Introduction:** Chronic bacterial lung infections are a hallmark of cystic fibrosis (CF) lung disease and are difficult to eradicate. Chronic lung infections result in chronic lung inflammation which creates a paradox where most anti‐inflammatory therapies can suppress an already inadequate lung immune response. Recently we have reported that the lung\'s innate immune response can generate hypothiocyanite that can be selectively metabolized by the host\'s thioredoxin reductase (metazoan type) but not the pathogen\'s thioredoxin reductase (non‐metazoan type). In fact, bacterial thioredoxin reductase is readily inhibited by hypothiocyanite. Thioredoxin reductase is a critical enzyme that supplies an essential cofactor, thioredoxin, for ribonucleotide reductase which converts RNA to DNA. The potential importance of this pathway in the CF lung is that thiocyanate, the substrate for hypothiocyanate formation, is a small anion that is transported by CFTR and is dysfunctional in CF.

**Methods:** We investigated the ability of hypothiocyanate to inactivate bacterial thioredoxin reductase. Purified *E. coli* thioredoxin reductase was incubated with increasing concentrations of hypothiocyanite and assayed for its ability to inhibit thioredoxin reduction. In addition, we looked at hypothiocyanite\'s ability to oxidize cysteine residues on bacterial thioredoxin reductase and compared it to another common oxidant, hydrogen peroxide. Studies were performed using dimedone labeling with Western blot analysis. Thioredoxin reductase activity was measured spectrophotometrically following NADPH utilization. Bacterial viability was assessed using standard dilution methodology to determine colony forming units (CFUs). Bacterial lysates were assessed for their ability to metabolize hypothiocyanite by measuring loss of hypothiocyanite over time using spectrophotometry and HPLC with electrochemical detection assays.

**Results:** Hypothiocyanite readily inactivated bacterial thioredoxin reductase and was much more potent at oxidizing cysteine residues on bacterial thioredoxin reductase than hydrogen peroxide. We next looked at a number of CF pathogens and the ability of their lysates to metabolize hypothiocyanate versus resistance to killing. A number of multidrug‐resistant pathogen isolates, including *Pseudomonas aeruginosa, Burkholderia cepacia* and methicillin‐resistant *Staphylococcus aureus*, were unable to metabolize hypothiocyanite and were readily eradicated by it with MIC~50s~ that ranged from 1‐300 μg/mL.

**Conclusions:** We now report that hypothiocyanite can oxidatively inactivate bacterial thioredoxin reductase, a critical enzyme that supplies an essential cofactor, thioredoxin, for ribonucleotide reductase which converts RNA to DNA. Hypothiocyanite inactivation of bacterial thioredoxin reductase may be an important mechanism by which it kills and suppresses bacteria in the in the CF lung. Therapeutic utilization of the hypothiocyanate pathway versus the hypochlorite pathway could result in less lung inflammation and improved bacterial clearance in the CF lung. Supported by CFF research grant DAY16GO.
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**THE MUCUS TRANSPORT DEFECT IN THE CF RAT AIRWAY IS NORMALIZED BY ADDITION OF BICARBONATE**

[Birket, S.]{.ul} ^1^; Tuggle, K.L.^2^; Oden, A.^1^; Fernandez, C.M.^1^; Chu, K.K.^3^; Tearney, G.J.^3^; Fanucchi, M.V.^1^; Sorscher, E.J.^1^; Rowe, S.M.^1^ *1. Medicine, University of Alabama at Birmingham, Birmingham, AL, USA* *; 2. Cystic Fibrosis Foundation, Bethesda, MD, USA* *; 3. Massachusetts General Hospital, Boston, MA, USA*

**Background:** The cystic fibrosis (CF) lung is characterized by delayed mucociliary clearance (MCC), although the mechanisms are not well understood. Recently, our center has developed the first CFTR^‐/‐^ rat, which recapitulates some features highly relevant to CF lung disease. Importantly, rat airways express submucosal glands that develop over time, a feature that is distinct from murine models and more accurately represents human physiology. Delayed mucociliary transport develops as the rat ages, allowing for a detailed investigation into the mechanisms underlying abnormal mucus transport.

**Methods:** The tracheae of CF and WT rats at various ages and stages of airway development were imaged using micro‐Optical Coherence Tomography (μOCT) to evaluate parameters including airway surface liquid (ASL) and periciliary layer (PCL) depths, and mucociliary transport (MCT) and viscosity, simultaneously and *in situ* under physiologic conditions. Mucus viscosity was measured *in situ* by particle tracking microrheology. Solutions of NaHCO~3~, TRIS, or HEPES at pH of 6.5 ‐ 8.5 (in 0.5 increments) were added to the apical surface, with MCT measurements taken 20 minutes after addition.

**Results:** CF rats at 4 weeks old, prior to development of submucosal glands, exhibit reduced ASL (8.2 ± 0.8 μm CF vs. 13.4 ± 2.1 μm control, p\<0.05) and PCL (4.5 ± 0.3 μm CF vs. 5.4 ± 0.3 μm control, p\<0.05) depths, as well as hyperacidic airway surface pH (6.42 ± 0.12 CF vs 7.25 ± 0.05 WT, p\<0.001) but surprisingly demonstrate normal MCT rates. By 6 months of age, CF rats express mature airway submucosal glands and exhibit spontaneous mucus plugging of enlarged airway submucosal glands in the large airways, accompanied by delayed MCT rates (0.3 ± 0.1 mm/min CF vs. 0.7 ± 0.1 mm/min control, p\<0.05) and hyperviscous mucus (74.15 cP CF vs 3.28 cP WT). Reduced pH and MCT rates in the older rats were secondary to deficient bicarbonate transport, and could be recapitulated in WT tracheae with bicarbonate‐free buffers. Abnormal MCT was corrected in CF rat tracheae with addition of bicarbonate at increasing concentrations directly to the airway surface (peak effect 3.36 ± 0.9 mm/min with 115mM NaHCO~3~, vs 0.09 ± 0.02 mm/min baseline, p\<0.001). While restoration of MCT was achieved with bicarbonate at any pH from 6.5 to 8.5, addition of TRIS only corrected MCT rates at pH of 7.5. HEPES addition had no effect at any pH, likely due to its zwitterionic, versus ionic, nature.

**Conclusions:** A mucus transport defect is present and progressive in CF rats, and is associated with gland development and hyperviscous mucus. These effects were dependent on bicarbonate and recapitulated with its removal. Depleted ASL and hyperacidic pH are present prior to development of the MCT defect, suggesting that they may be necessary but not sufficient to delay mucus transport. While MCT rates in CF trachea were corrected by addition of bicarbonate, the pH range at which NaHCO~3~ was effective, and lack of effect of pH correction by a zwitterionic buffer, suggests that the mucus transport defect is dependent on normal ion exchange.
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**DITHIOTHREITOL RELEASES BACTERIA‐LADEN MUCUS STRANDS FROM CF PIG TRACHEAS**

[Fischer, A.J.]{.ul} ^1^; Shanrock, C.R.^1^; Yahr, T.L.^2^; Welsh, M.^3^ *1. Pediatrics, University of Iowa, Iowa City, IA, USA* *; 2. Microbiology, University of Iowa, Iowa City, IA, USA* *; 3. Internal Medicine, University of Iowa, Iowa City, IA, USA*

**Objectives:** In cystic fibrosis (CF), initial respiratory infections are associated with subsequent development of bronchiectasis. Because mucus release from submucosal glands (SMG) is defective in CF pigs, bacterial attachment to SMG mucus could facilitate airway infection. Our aim was to visualize where CF pathogens bind in newborn pig tracheas to determine whether the site of binding influences subsequent clearance by mucociliary transport. We hypothesized that *Staphylococcus aureus* and *Pseudomonas aeruginosa* preferentially bind SMG‐derived mucus strands, and that bacterial clearance worsens in CF after stimulation of SMG secretion by methacholine (MCH). Because mucus integrity depends on disulfide bonds, these strands may be targeted by reducing agents.

**Methods:** Tracheas were obtained from newborn CF or non‐CF pigs and submerged in HEPES buffered saline at pH 7. *S. aureus* (strain SA43) or *P. aeruginosa* (strain PAK) expressing GFP were added at 10^6^ CFU/mL. We visualized GFP‐labeled bacteria by confocal microscopy and used red fluorescent nanospheres to identify mucus strands. Imaris software was used to track instantaneous speeds of individual bacteria. We tested the susceptibility of mucus strands to mucolytic agents by counting mucus strands before and after adding 1 mM dithiothreitol (DTT) or 0.6 mg/mL DNAse.

**Results:** In the first hour of infection, GFP signal from *S. aureus* and *P. aeruginosa* was enriched on SMG‐derived mucus strands. *P. aeruginosa* (but not *S. aureus*) was also visualized less frequently as 10‐20 μm aggregates bound to the mucosal surface. Mucus strands were heterogeneous: some strands selectively bound nanospheres but others selectively bound GFP‐*P. aeruginosa*. We observed no differences between CF and non‐CF tracheas in binding or transport of bacteria in the absence of MCH. Following in vivo MCH, CF tracheas transported GFP‐*S. aureus* less effectively than non‐CF littermate controls (fraction of time in motion for CF 0.48 ± 0.02, non‐CF 0.82 ± 0.10, P = 0.03). *S. aureus* alone did not alter mucociliary transport of tantalum microdisks in CF or non‐CF pigs. Mucus strands binding *S. aureus* and *P. aeruginosa* were susceptible to 1 mM DTT (For *S. aureus*, 33 ± 5 strands per cm before treatment, 1.3 ± 0.7 strands per cm after, P \< 0.001). DTT at this concentration did not show bactericidal effects. DNAse had no effect on the number of bacteria‐laden mucus strands. Mucosal surface aggregations of *P. aeruginosa* were resistant to both DTT and DNAse.

**Conclusions:** *S. aureus* and *P. aeruginosa* adhere primarily to SMG‐derived mucus during initial infection. Because the release of mucus strands is defective in CF, clearance of these bacteria may also be impaired. Mucus strands were heterogeneous in their binding specificities, but were uniformly susceptible to the reducing agent DTT. Reducing agents may help release mucus strands and facilitate clearance of bacteria following initial infection. However, *P. aeruginosa* that adhere to the mucosal surface were resistant to clearance, even after treatment with DTT, suggesting binding to receptors that are not released by reducing agent.

**79\***

**BREVENAL IS COMPARABLE TO AEROSOL IVACAFTOR IN REVERSING THE SLOWED MUCUS TRANSPORT INDUCED BY AIRWAY CHALLENGE WITH CFTRINH‐172 ALONE OR IN COMBINATION WITH HUMAN NEUTROPHIL ELASTASE IN SHEEP**

[Abraham, W.M.]{.ul} ^1^; Sabater, J.R.^1^; McClain, D.^1^; Ball, R.W.^1^; Cohen, I.^2^; Milla, C.^3^ *1. Research, Mount Sinai Med Center, Miami Beach, FL, USA* *; 2. Silurian Pharmaceuticals, Oakland, CA, USA* *; 3. Pediatrics, Stanford Univ, Stanford, CA, USA*

**Introduction:** A key pathophysiological endpoint of CFTR dysfunction is airway mucus stasis. This slowed mucus clearance becomes more problematic in CF exacerbations because of the additive effect of an increased airway load of free neutrophil elastase. To model these events we used aerosol challenge with CFTRinh‐172 (CFTRinh) alone or in combination with aerosol human neutrophil elastase (HNE) and studied the effects of these challenges on whole lung mucociliary clearance (MCC) and its surrogate marker tracheal mucus velocity (TMV) in sheep. We showed that CFTRinh and CFTRinh+HNE slowed TMV for 12‐24h and then showed that clinically used agents, eg, hypertonic saline or albuterol, failed to reverse this dysfunction (Pediatr Pulmonol. 2015;50(S41):300). Here, we attempt to reverse the TMV impairment produced by aerosol challenge with CFTRinh or CFTRinh+HNE with aerosol ivacaftor and compared these results to those obtained with aerosol brevenal, a natural product produced by *K. brevis*.

**Methods:** This study was conducted with the approval of the Mount Sinai Medical Center Animal Research Committee. The methods for measuring TMV and for aerosol nebulization have been published (Chest. 2005;128:3743‐9; Am J Physiol Lung Cell Mol Physiol. 2013;304:L746‐56). The therapeutic efficacy of ivacaftor (10,1, or 0.1 mg/3mL) or brevenal (100 breaths of 50 μg/mL= 87.5 μg) was assessed by treating the sheep with the agents 4h after CFTRinh challenge (10 mg/3mL) with or without the addition of HNE (2380mU/3mL) and the recovery of TMV after treatment determined.

**Results:** All data are reported as mean percent of baseline. Challenge with CFTRinh slowed TMV to 54% by 4h and TMV remained low (59%) up to 12h. Challenging with HNE 2h after CFTRinh did not further reduce the fall in TMV at 4h (52%) but increased the time course of the response to 24h (56%). Ivacaftor given at 4h reversed the CFTRinh‐induced slowing of TMV with 10, 1, and 0.1 mg returning TMV to 90% of baseline between 5‐12h. Brevenal given at 4h gave similar results. When HNE was added to the CFTRinh challenge, 10 and 1 mg ivacaftor reversed TMV to a maximum of 97% and 90%, respectively, but the 0.1 mg dose failed to correct the mucociliary dysfunction (TMV remained at 58%). Brevenal, however, corrected the TMV to 91% of baseline at 5h and TMV remained at this level through 24h.

**Conclusion:** These data may be the first showing that aerosolized ivacaftor is effective in reversing CFTRinh or CFTRinh+HNE induced slowing of mucus transport in vivo and are consistent with reports that ovine CFTR responds to ivacaftor in vitro. Aerosolized brevenal also corrects these dysfunctions, but in the CFTRinh+HNE challenge model does so at a 10‐fold lower dose. Since inflammation can impede CFTR restoring therapies, the increased potency of brevenal may be a function of its anti‐inflammatory properties (AJRCCM. 2012;185:A2773). These results suggest that brevenal alone, or as an adjunct to current therapies, may be beneficial for the treatment of airway diseases characterized by CFTR dysfunction.
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**BREVENAL REVERSES MUCOCILIARY DYSFUNCTION IN SHEEP CHALLENGED WITH CFTRINH‐172 +TGFβ1 AND BLOCKS DECREASES IN ASL IN TGFβ1‐CHALLENGED CFHBE CELLS**

[Abraham, W.M.]{.ul} ^1^; Sabater, J.R.^1^; Baumlin, N.^2^; McClain, D.^1^; Ball, R.W.^1^; Cohen, I.^3^; Salathe, M.^2^ *1. Research, Mount Sinai Medical Center, Miami Beach, FL, USA* *; 2. Univ Miami Miller School of Med, Miami, FL, USA* *; 3. Silurian Pharmaceuticals, Oakland, CA, USA*

**Introduction:** In sheep challenged with a combination of aerosol CFTRinh‐172 (CFTRi)+human neutrophil elastase (NE), tracheal mucus velocity (TMV) a marker of lung mucus clearance, is slowed for 24h. This response is greater than that seen after challenge with CFTRi alone. (Pediatr Pulmonol. 2015;50(S41):S289; Eur Res J. 2015;46(S59):PA2054), suggesting that inflammation can prolong CFTR dysfunction. TGFβ1 is a downstream inflammatory mediator of NE. Thus, we hypothesized that challenge with a combination of CFTRi+TGFβ1 should mimic the TMV response seen with CFTRi+NE. Furthermore, if inflammation prolongs CFTR dysfunction, then agents with anti‐inflammatory properties should be important correctors of this. We tested this by determining if aerosol challenge with CFTRi+TGFβ1 produced a TMV response similar to that seen with CFTRi+NE and if the slowed TMV resulting from these challenges could be reversed by treating with brevenal, a natural product, which has anti‐inflammatory properties (AJRCCM. 2012;185:A2773). To support our in vivo studies, we tested the effects of brevenal on ASL changes induced by challenging CFHBEC with TGFβ1.

**Methods:** Sheep studies were IACUC approved. Methods for measuring TMV and for aerosol challenge are published (Chest 2005;128:3743‐9; J Physiol Lung Cell Mol Physiol. 2013;304:L746‐56). Sheep were challenged with CFTRi (10 mg/3mL) and then 2h later with either NE (2380 mU/3mL) or TGFβ1 (25 μg/3mL) and the TMV response measured for up to 24h. The efficacy of brevenal (100 breaths of 50 μg/mL= 87.5 μg) was assessed by treating the sheep 4h after challenge with either combination. In vitro: CFHBE were obtained, IRB‐approved, from transplant recipients homozygous for F508del, and redifferentiated at the air‐liquid interface. Cells were washed with PBS and equilibrated for 30 min prior to recording ASL at baseline (0h, meniscus scanning). Then, cells were challenged with TGFβ1 (5 ng/mL) in the presence or absence of 300 nM brevenal. Cells were incubated for 18h, ASL measured and then brevenal or vehicle re‐added. Cells were incubated for another 6h, after which ASL was measured (24h). The delta ASL (μL) between 18‐24h is reported.

**Results:** TMV values are % of baseline. Challenge with CFTRi+NE reduced TMV to 52% by 4h and TMV remained depressed at 12h (51%) and 24h (56%). Challenge with CFTRi+TGFβ1 produced similar results: TMV was 54, 52, and 57%, respectively. Brevenal reversed the TMV response to CFTRi+NE. TMV was 91% (5h), 91% (12h) and 93% (24h). CFTRi+TGFβ1‐challenged sheep treated with brevenal showed a similar reversal: TMV was 86%(5h), 92%(12h), and 98%(24h). In vitro: The 18‐24h change in ASL was ‐3.7 μL in TGFβ1‐challenged CFHBEC, consistent with the slowed TMV. Brevenal completely blocked this decrease.

**Conclusion:** Our results show that inflammatory mediators can prolong CFTR dysfunction as reflected by slowed TMV and decreased ASL. The anti‐inflammatory agent brevenal can correct these abnormalities suggesting that brevenal may be beneficial for the treatment of airway diseases characterized by airway inflammation and CFTR dysfunction.

**81\***

**MUCUS DEHYDRATION AS THE INITIATING DEFECT IN EARLY CF AIRWAYS DISEASE**

[Esther, C.R.]{.ul} ^1,2^; Muhlebach, M.S.^1,2^; Hill, D.B.^2^; Ehre, C.^2^; Turkovic, L.^3^; Ramsey, K.^2,3^; Kesimer, M.^2^; Boucher, R.C.^2^; Stick, S.M.^3^ *1. Pediatric Pulmonology, UNC‐Chapel Hill, Chapel Hill, NC, USA* *; 2. Marsico Lung Institute, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA* *; 3. Telethon Kids Institute, The University of Western Australia, Perth, WA, Australia*

**Background:** While loss of CFTR‐mediated airway hydration is hypothesized to be the initiating defect in CF airways disease, recent animal studies suggest that reduced bacterial killing and subsequent airway infection may precede changes in mucus hydration. To assess which factors are associated with the earliest stages of airways disease in humans, we measured mucin and metabolomic profiles of bronchoalveolar lavage fluid (BALF) relative to measures of infection, inflammation, and structural lung disease in preschool subjects enrolled in AREST CF.

**Methods:** Separate aliquots of BALF were obtained from the right middle lobe and lingula of 40 preschool subjects with CF (80 lobes) enrolled in AREST CF (age 3.5±2.0 years) and 14 non‐CF disease controls (28 lobes) (age 3.2±1.8 years). Mucin concentrations were measured by refractometry, staining intensities of MUC5AC and MUC5B by immunohistochemistry, and rheological characteristics by microbead rheology. Findings were analyzed relative to BALF inflammatory markers, cultures, and metabolomic profiling in 24 subjects (48 lobes) as well as lobe‐specific CT scores for bronchial wall thickening or bronchiectasis as markers of structural lung disease.

**Results:** Airway mucus concentrations were higher in preschool subjects with CF relative to non‐CF disease controls (Non‐CF 99 \[61‐145\] μg/mL vs. CF 182 \[101‐629\] μg/mL, p\<0.01), even in the subset without airway infection (58 \[30‐97\] μg/mL vs. 155 \[91‐444\] μg/mL, p\<0.002). Mucus concentrations correlated with inflammatory markers including IL‐8 (r=0.60, p\<0.001) and % neutrophils (r=0.64, p\<0.001) as well as metabolomic biomarkers of airway hypoxia (lactate r=0.69, p\<0.001) and oxidative stress (oxidized glutathione r=0.57, p\<0.001). Staining intensities of both MUC5AC (1.2 \[0.6‐1.7\] vs. 4.6 \[1.4‐9.7\], p\<0.01) and MUC5B (4.2 \[3.1‐7.7\] vs. 13.0 \[4.5‐28\], p\<0.01) were elevated in CF, suggesting that mucins arose from both airway epithelia and glands. Mucus concentrations were most highly elevated in lobes with bronchial wall thickening as an early marker of disease (p\<0.001 by ANOVA), and changes in structural lung disease scores were associated with altered mucus rheology.

**Conclusions:** Airway mucus is elevated in preschool children with CF and associated with inflammatory markers, changes in the airway milieu, and early structural lung disease. These findings appeared independent of airways infection and are most consistent with airway mucus dehydration as the initiating defect in human CF airways disease. Thus, airway dehydration remains a high value target for therapeutic intervention in the youngest children with CF.

**82\***

**A PREDICTED PHOSPHORYLATION SITE IN SLC26A9 MODULATES CFTR‐DEPENDENT ACTIVITY**

[Wang, X.]{.ul}; Larsen, M.B.; Frizzell, R.A.; Bertrand, C.A. *Pediatrics & Cell Biology, Univ of Pittsburgh Sch of Med, Pittsburgh, PA, USA*

Several members of the SLC26A family of anion transporters associate with CFTR, forming complexes in which CFTR and SLC26A function are reciprocally regulated. This regulation involves interactions between the STAS domain of SLC26A members and the R domain of CFTR. In eukaryotes, the SLC26A STAS domain is composed of two highly conserved regions bracketing a unique intervening sequence (IVS); the specific region(s) involved in the interaction with CFTR have not been identified. SLC26A9, found in several epithelia including the airways, functions as a constitutively active chloride channel that, when co‐expressed with wt CFTR, results in a synergistic increase in the response to cAMP stimulation. This synergism is indicative of reciprocal regulation, and SLC26A9\'s ability to co‐immunoprecipitate wt CFTR suggests they physically interact (J Gen Physiol 2009, 133:421).

Using the Eukaryotic Linear Motif resource (Nucleic Acids Res 2016, 44(D1):D294), we scanned the STAS domain of SLC26A9 for potential regulatory motifs, and found a motif‐rich region in its IVS. A search of NCBI\'s single‐nucleotide polymorphisms (SNPs) database identified several SNPs within the IVS. One SNP (rs149474736, S594F), located in a predicted CK2 phosphorylation site also predicted to be part of a 14‐3‐3 binding motif, led to striking changes. When expressed alone in HEK293 cells, SLC26A9‐S594F produced a whole‐cell constitutive chloride current of 191 ± 41 pA (n=4), similar to native SLC26A9. When SLC26A9‐S594F was co‐expressed with wt CFTR, however, constitutive chloride current increased more than 6‐fold to 1274 ± 214 pA (n=17), significantly greater than that observed with co‐expression of native SLC26A9 and wt CFTR (195 ± 30 pA, n=9). Cell surface biotinylation did not show increased SLC26A9‐S594F protein at the plasma membrane relative to wt SLC26A9, suggesting that the increased activity resulted from the interaction of this variant with CFTR. Because S594 is a predicted phosphorylation site, we also tested alanine and aspartic acid substitutions. Interestingly, SLC26A9‐S594A produced the opposite pattern seen with S594F, with high constitutive activity when expressed alone that was substantially diminished with co‐expression of wt CFTR. SLC26A9‐S594D did not alter constitutive activity.

To confirm that SLC26A9‐S594X was the source of constitutive chloride currents observed when co‐expressed with CFTR, constructs containing the STAS domain alone of SLC26A9 (aa 520 ‐ 791, STAS(A9)±S594X) were tested. STAS(A9) is non‐conductive, but it still interacts with wt CFTR to facilitate the synergistic response to cAMP stimulation. Comparison of whole‐cell chloride currents measured in HEK293 co‐expressing wt CFTR and STAS(A9)‐S594X with currents measured in HEK293 co‐expressing full length SLC26A9‐S594X and wt CFTR confirmed that SLC26A9‐S594X was the source of constitutive chloride current. Thus, amino acid substitutions at S594 in the IVS of SLC26A9 led to modifications in its constitutive activity that were enhanced (S594F) or suppressed (S594A) by co‐expression with wt CFTR. These results suggest that this motif‐rich region of the IVS of SLC26A9 may be involved in reciprocal regulation with CFTR.

Supported by BERTRA12G0, CFF R883‐CR02, & NIH P30 DK072506.
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**CFTR ADENYLATE KINASE ACTIVITY IS REQUIRED FOR NORMAL CFTR CHANNEL FUNCTION IN HUMAN AIRWAY EPITHELIA**

[Dong, Q.]{.ul} ^1^; Shah, V.S.^2,3^; Tang, X.^5^; Welsh, M.^4,2,5^; Randak, C.O.^1^ *1. Stead Family Department of Pediatric, University of Iowa, Iowa City, IA, USA* *; 2. Department of Molecular Physiology and Biophysics, University of Iowa, Iowa City, IA, USA* *; 3. Medical Scientist Training Program, University of Iowa, Iowa City, IA, USA* *; 4. Department of Internal Medicine, University of Iowa, Iowa City, IA, USA* *; 5. Howard Hughes Medical Institute, Iowa City, IA, USA*

Cystic fibrosis transmembrane conductance regulator (CFTR) is a Cl^‐^ and HCO~3~ ^‐^ channel. CF lung disease develops when defective CFTR HCO~3~ ^‐^ channel activity results in airway surface liquid (ASL) acidification. A lower ASL pH causes host defense defects: it reduces the ability of the ASL to kill bacteria and increases ASL viscosity thereby impairing mucociliary clearance (1‐3).

CFTR function is coupled to either ATPase (ATP→ADP + P~i~) or adenylate kinase (ATP + AMP↔2 ADP) activity (4,5). The role of adenylate kinase‐dependent channel activity in vivo is not known.

We showed that mutating CFTR amino acid Q1291 disrupts adenylate kinase‐ but not ATPase‐dependent channel activity (6). This gave us an unprecedented opportunity to test the hypothesis that normal CFTR function in airway epithelia relies on its adenylate kinase activity.

We found that both wild‐type and the adenylate kinase‐deficient mutant Q1291F CFTR localized to the apical membrane of airway epithelia and were expressed in similar amounts. CFTR‐dependent Cl^‐^ and HCO~3~ ^‐^ short circuit current and transepithelial conductance were significantly lower in epithelia expressing Q1291F CFTR. We obtained similar findings with CFTR carrying the CF‐associated mutation Q1291H (7). Airway epithelia from CF donors had a lower ASL pH compared to non‐CF. Expression of wild‐type CFTR corrected the ASL pH but expression of Q1291F CFTR did not. Likewise, wild‐type CFTR but not Q1291F CFTR expression increased the ability of the epithelia to kill bacteria and reduced ASL viscosity (the experiments were performed as in Ref. 1). Thus, the results indicate that the physiologic role of CFTR in airway epithelia relies on its adenylate kinase activity.
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**COORDINATED MECHANISM BY AIRWAY GLANDS AND SURFACE EPITHELIA FOR FACILITATING MUCOCILIARY CLEARANCE**

[Joo, N.]{.ul}; Wine, J.J. *CF Research Laboratory, Stanford University, Stanford, CA, USA*

**Rationale:** Mucociliary clearance (MCC) is an important part of airway innate defense system and is reduced in CF subjects and CF animal models. In ex vivo ferret tracheas, MCC velocity (MCCV) is enhanced by ENaC inhibition and synergistically increased by combining a low dose of carbachol (Carb, a Ca^2+^ agonist) with forskolin (Fsk, a cAMP agonist) (Joo et al., submitted). Airway submucosal gland (SMG) secretion is also reduced in subjects with CF and animal CF models, and is also synergistically increased by combining a low dose of Carb with Fsk. To better understand the mechanisms of synergistic MCCV increases, we compared measures of MCCV, SMG secretion and short‐circuit currents (Isc) in ex vivo ferret (and pig) tracheas.

**Methodology:** MCCV was measured via particle tracking (Jeong JH, et al. Am J Physiol Lung Cell Mol Physiol. 2014;307:L83‐93), mucus secretion rates of individual tracheal glands were measured via time‐lapse optical imaging of mucus bubbles forming in an oil layer (Joo NS, et al. Am J Physiol Lung Cell Mol Physiol. 2001;281:L458‐68), and trans‐tracheal epithelial Isc measurements (0.45 cm^2^ exposed surface) were made via voltage clamp and Ussing chambers. In each situation we stimulated with 30 min of 0.3 μM Carb or 10 μM Fsk, followed by 30 min of combined treatment (all compounds added basolaterally).

**Results:** MCCV and SMG secretion rates induced by combined treatment were significantly faster than those of either drug alone or their summed value. MCCV (average for T10‐T30 period in mm/min) were: Carb: 8.5 ± 1.1 (n = 15, ferret tracheas); Fsk: 7.1 ± 0.8 (n = 32); combined: 36.2 ± 0.9 (n = 40). Arithmetical sum vs. combined: P = 4.5E‐11. SMG secretion rates (average for T5‐T30 for Carb or T10‐T30 for Fsk, in nL/min/gland) were Carb: 1.0 ± 0.3 (n = 5); Fsk: 0.3 ± 0.1 (n = 7); combined: 2.2 ± 0.4. Combined vs. arithmetical sum: P=0.017. By contrast, Isc increases induced by combined treatment were smaller than the sum of single treatments. Values were (T10 to T30, average ΔIsc in μA/cm^2^): Carb: 0.5 ± 0.4 (n = 7 from 5 ferrets); Fsk: 4.7 ± 1.4 (n = 7 from 5 ferrets); combined: 1.4 ± 0.2 (n = 7 from 5 ferrets). Combined vs. arithmetical sum: P = 0.06. Pig tracheas also showed smaller Isc responses to combined agonists (T10‐T30, average ΔIsc in μA/cm^2^): Fsk: 13.1 ± 2.2 (n = 12 from 7 pigs); Carb: ‐1.7 ± 1.4 (n = 10 from 6 pigs) and combined 9.5 ± 2.6 (n = 12 from 7 pigs). Combined vs. arithmetical sum: P = 0.75.

**Conclusion:** Forskolin plus carbachol synergistically increased both MCCV and SMG secretion rates. By contrast, combined stimulation produced smaller Isc increases than the sum of each agonist used alone. Isc reflects both anion‐mediated secretion and sodium absorption. Forskolin stimulates secretion. Carbachol transiently increases secretion but produces longer term inhibition of absorption (Joo NS, et al. Sci Rep. 2016;6:20735). While these two processes are subtractive with regard to Isc, they are mutually reinforcing with respect to mucosal fluid accumulation. These coordinated actions further accelerate MCCV.

Supported by CFF and CFFT.
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**MUCUS SWELLING KINETICS AS A THERAPEUTIC TARGET IN CYSTIC FIBROSIS**

[Shi, S.]{.ul} ^1^; Wu, D.^1^; Ballard, S.T.^2^; Rubinstein, M.R.^3^; Boucher, R.C.^1^; Button, B.^1^ *1. Marsico Lung Institute, University of North Carolina‐Chapel Hill, Chapel Hill, NC, USA* *; 2. Department of Physiology, University of South Alabama, Mobile, AL, USA* *; 3. Department of Chemistry, University of North Carolina‐Chapel Hill, Chapel Hill, NC, USA*

Recently, rehydration agents have been gaining attention in treatment of patients with muco‐obstructive lung disease, particularly cystic fibrosis (CF). One such agent is inhaled hypertonic saline (HS), which purportedly creates a luminal osmotic ion gradient, drawing additional water onto the dehyrated (concentrated) airway surface layer (ASL). HS has been reported to improve mucus clearance rates, lung function, and reduce the number of acute exacerbations. However, the mechanism and duration of action for mucus hydrating agents to accelerate clearance in CF patients is poorly understood. The mucus layer is a polymer gel that can swell or shrink upon addition or removal of water. Typically, the hydration of the mucus layer is controlled by ion transport across the epithelium. However, in CF, the dysregulation of CFTR‐mediated ion transport results in airway fluid depletion and mucin hyperconcentration. We hypothesize that the kinetics of mucus swelling (by added fluid) are determined by the balance between the driving force from osmotic pressure and reversible associations of mucin globular domains, the resistive force from friction of the fluid (i.e. solvent) penetrating through the mesh of mucin network, and the elasticity of the stretched mucins. Further, we hypothesize that there are two stages of mucus swelling: 1) the rapid osmotic gel swelling phase, in which mucus swells without significant rearrangement of inter‐molecular associations, and 2) the slow mucus dissolution state in which the mucin molecules continue to rearrange to reduce overlap with one other. To test our hypotheses, we developed a novel dual‐labeling imaging technique, to monitor the swelling kinetics of the mucus layer over a range of concentations in reponse to exposure to isotonic solutions. In each experiment, mucus‐swelling kinetics were normalized as the increase of swelling height (h~t~) to the initial height (h~o~) of the mucus layer \[(h~t~‐h~0~)/h~0~\] and recorded as a function of time (t). Our results demonstrate that the kinetics of mucus swelling depend on specific mucus properties, e.g., increased initial mucus concentrations and osmotic pressures lead to a faster and longer swelling in all kinds of mucus. CF sputum samples and mucus from human airway cultures show a 2‐phase swelling curve, with a fast followed by slow phase until dissolution. This behavior contrasts to mucus obtained from porcine glands (stimulated with acetylcholine), which exhibits a fast swelling phase but then reaches an equilibrium swelling plateau, suggesting that gland mucus is biochemically/biophysically different from superficial mucus. From a therapeutic perspective, we envision our model system can be applied to test the effectiveness of mucus hydrating agents and other mucolytics designed to re‐establish the normal hydration status of the ASL and facilitate efficient mucus clearance. This work was supported by the CFFT Mucus Clearance Consortium.
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**REPURPOSING TROMETHAMINE AS INHALED THERAPY TO TREAT CF AIRWAY DISEASE**

[Abou Alaiwa, M.H.]{.ul} ^1^; Launspach, J.^2^; Sheets, K.A.^2^; Rivera, J.A.^2^; Gansemer, N.D.^2^; Taft, P.J.^2^; Thorne, P.S.^2^; Welsh, M.^1^; Stoltz, D.A.^1^; Zabner, J.^1^ *1. Internal Medicine/Pulm‐CCM, University of Iowa, Iowa City, IA, USA* *; 2. University of Iowa, Iowa City, IA, USA*

In cystic fibrosis (CF), loss of cystic fibrosis transmembrane conductance regulator (CFTR) anion channel activity causes airway surface liquid (ASL) pH to become acidic, which impairs airway host defenses. One potential therapeutic approach is to correct the acidic pH in CF airways by aerosolizing HCO~3~ ^‐^ and/or non‐bicarbonate pH buffers. Here, we show that raising ASL pH with inhaled HCO~3~ ^‐^ increased pH. However, the effect was transient, and pH returned to baseline values within 30 minutes. Tromethamine or Tham is a buffer with a long serum half‐life used as an intravenous formulation to treat metabolic acidosis. We found that tromethamine aerosols increased ASL pH in vivo for at least 2 hours and enhanced bacterial killing. Inhaled hypertonic saline (7% NaCl) is delivered to people with CF in an attempt to promote mucus clearance. Because an increased ionic strength inhibits ASL antimicrobial factors, we added tromethamine to hypertonic saline and applied it to CF sputum. We found that tromethamine alone and in combination with hypertonic saline increased pH and enhanced bacterial killing. These findings suggest that aerosolizing the HCO~3~ ^‐^‐independent buffer tromethamine, either alone or in combination with hypertonic saline, might be of therapeutic benefit in CF airway disease.
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**AUTOPHAGY AND THE ATG16L1 GENE VARIANT (RS 2241880) REGULATE MUC5AC SECRETION IN AIRWAY EPITHELIAL CELLS**

[Dickinson, J.]{.ul} ^1^; Hupp, D.^1^; Sweeter, J.^1^; Brody, S.L.^2^ *1. UNMC, Omaha, NE, USA* *; 2. Int. Med., Washington University, St. Louis, MO, USA*

**Background**: Autophagy is a cellular pathway responsible for the trafficking of intracellular cargo within double‐membrane structures termed autophagosomes in response to metabolic demands, pathogen recognition, and immune activation. A recently recognized paradigm is that autophagy proteins are necessary for protein secretion. A common gene variant of the autophagy regulatory protein, ATG16L1 (T300A amino acid substitution), has been associated with defects in epithelial secretion and inflammation in inflammatory bowel disease (risk, GG vs. non‐risk, AA). We recently reported that autophagy is required for IL‐13 activated‐MUC5AC secretion. It is not known whether autophagy regulates MUC5AC secretion independent of inflammation. The prevalence of the *ATG16L1* gene variant in cystic fibrosis (CF) is not known nor is the effect on MUC5AC secretion known.

**Objective**: Identify the prevalence of the *ATG16L1* gene variant in adults with CF in a single‐site CF center and compare MUC5AC secretion in *ATG16L1* risk allele (GG) vs. non‐risk allele (AA) as well as ATG5‐deficient airway epithelial cells.

**Methods**: Inhibition of autophagy was done by depletion of regulatory protein, ATG5, using RNAi in hTEC without the *ATG16L1* variant (GG). ATG5 knockdown was verified by gene expression and immunoblot. The in vitro role of the *ATG16L1* variant on secretion was investigated in well‐differentiated primary human airway epithelial cells (hTEC) derived from donor lungs not suitable for transplant. Basal and ATPg‐S activated MUC5AC secretion was measured in hTECs (GG vs. AA) under ALI conditions. Autophagy activity was determined by LC3 flux assay using chloroquine (50mM) for transient autophagosome‐lysosome inhibition and quantified as LC3BII levels, using immunoblot. Genomic DNA was isolated from de‐identified blood samples from adults with CF (age range 18‐45) from UNMC and age/gender matched controls from the Nebraska BioBank Repository. The *ATG16L1* genotype was identified by Taqman probe and confirmed using Sanger sequencing.

**Results**: ATG5 depletion in hTECs reduced LC3BII levels consistent with reduced autophagy. Basal and ATP‐activated secretion of MUC5AC was significantly reduced in ATG5‐deficient hTEC. Immunofluorescent staining confirmed intracellular MUC5AC retention and mucous cell hypertrophy in the ATG5‐depleted hTECs. Despite differences in secretion, there was no change in total MUC5AC expression in ATG5‐depleted hTECs. The *ATG16L1* gene risk variant (GG) was identified in 18% of adult CF patients compared to 35% of persons without CF. Preliminary data from hTEC with risk (GG) vs. non‐risk (AA) *ATG16L1* variants (n=2 different hTEC donors each genotype) indicates that the risk variant has reduced autophagy activity (LCBII levels) and reduced ATP‐activated MUC5AC secretion.

**Conclusions**: Autophagy regulates both basal and ATP‐mediated MUC5AC secretion independent of Th2 inflammation. This provides additional validation that autophagy activity is broadly required for mucin secretion. The *ATG16L1* risk variant (GG) is common in adults with CF but found at a lower frequency than non‐CF individuals. In vitro, this genetic variant may convey reduced cellular autophagy and altered MUC5AC secretion in airway epithelial cells of affected individuals.
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**REDUCED ION TRANSPORT BY AIRWAY SUBMUCOSAL GLAND AND DISTAL AIRWAY SURFACE EPITHELIA IN CFTR‐/‐ PIGS**

[Luan, X.]{.ul} ^1^; Grishchenko, N.^1^; Chapman, D.^2^; Ianowski, J.P.^1^ *1. Physiology, University of Saskatchewan, Saskatoon, SK, Canada* *; 2. Anatomy & Cell Biology, University of Saskatchewan, Saskatoon, SK, Canada*

Balanced fluid secretion and absorption is a crucial part of maintaining a healthy respiratory tract. Failure to maintain a critical volume of airway surface fluid may cause blockage of airflow or lead to reduced mucociliary clearance that normally protects the airway from infection. Epithelial cells regulate the ion and fluid balance; therefore, they are the cornerstone of keeping fluid balance in the airway. As the major contribution of liquid secretion in the upper airway, airway submucosal glands play a major role in secreting airway surface liquid into the large airway. On the other hand in the distal airway, where there are no submucosal glands, the regulation of airway surface liquid layer depends on the balance of secretion and absorption of ions and fluid by the surface epithelia. In CF patients, airway surface liquid volume regulatory function seems to be abnormal which results in the collapse of the innate immune defense.

In this research project, we investigated the function of the airway submucosal glands and surface epithelia and their role in CF airway disease using CFTR‐/‐ swine.

Using electrophysiology techniques, we showed that serous acini and collecting duct of the submucosal glands transport Na^+^ into the lumen of the gland after stimulation with the cAMP‐elevating agent forskolin and the cholinergic agonist carbachol. Interestingly we found that the ciliated duct transports Na^+^ in the opposite direction, i.e. from lumen to basolateral side after forskolin and carbachol stimulation. We hypothesize that the ciliated duct function reduces the osmotic pressure of the fluid secreted by the gland. In CFTR‐/‐ glands all of these segments failed to respond to forskolin stimulation but responded to cholinergic stimulation, suggesting the involvement of CFTR in the forskolin‐stimulated secretion.

Moreover, our result showed the distal airway epithelia in wild‐type and CFTR‐/‐ swine lung have different ion transport properties. In wild‐type lung distal airway epithelia, each cell seemed to be able to both secrete and absorb fluid and ions. However, CF distal airway epithelia displayed significantly lower basal ion transport as well as reduced response to forskolin stimulation. CF tissue had on average a reduced response to the ENaC (sodium channel) blocker, amiloride. However, some tissue sites had a response to amiloride four times higher than wild‐type, suggesting that some epithelial cells seem to have hyperactive ENaC activity, which could indicate airway surface liquid hyperabsorptive sites. We hypothesize that those hyperabsorption sites of CF distal airway might be the origin points where CF small airway disease starts.

Supported by Cystic Fibrosis Canada and Canadian Institutes of Health Research.
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**LACK OF AIRWAY SURFACE LIQUID SECRETION IN CFTR‐/‐ SWINE CONTRIBUTES TO CF AIRWAY DISEASE**

[Luan, X.]{.ul} ^1^; Chapman, D.^2^; Ianowski, J.P.^1^ *1. Physiology, University of Saskatchewan, Saskatoon, SK, Canada* *; 2. Anatomy & Cell Biology, University of Saskatchewan, Saskatoon, SK, Canada*

Although chronic infection and inflammation are the major parts of the CF lung disease, recent data suggest that the pathogenic event in CF airway disease starts from abnormal bacterial eradication. Airway surface liquid (ASL) plays an important role in the airway defence mechanism against bacteria. Evidence suggests that abnormal ASL secretion in the CF airways may be involved in CF airway pathogenesis. Recently, we showed that inhalation of *Pseudomoas aeruginosa* triggered ASL secretion in the upper swine airway ex vivo, and we also suggested a basal spontaneous ASL secretion may protect the airway in normal airway. We hypothesized that in CF airways those responses fail, which leads to the failure to eradicate pathogens. However, whether ASL secretion against inhaled *P. aeruginosa* actually occurs in vivo or whether this response is missing in CF airway has never been directly tested. We create a novel noninvasive in vivo imaging method to study ASL secretion is swine. We used synchrotron‐based phase contrast imaging to overcome the limitations of conventional imaging methods to provide soft tissue discrimination and appropriate spatial and temporal resolution for live animal imaging. And we successfully studied the ASL secretion changes in response to inhaled bacteria.

The objective of this project is to investigate the effect of inhaled *P. aeruginosa* on ASL secretion in live CFTR^‐/‐^ swine using synchrotron‐based phase contrast imaging method.

CFTR^‐/‐^ piglets, age from 2 to 7 days old, were imaged at Canadian Light Source, BioMedical Imaging and Therapy beamline. Our results showed that *P. aeruginosa*, as well as *Haemophilus influenzae* and *Staphylococcus aureus*, trigger ASL secretion in vivo. CFTR‐/‐ pigs failed to respond to *P. aeruginosa*. Interestingly, we also detected a basal spontaneous ASL secretion in wild‐type animals that was suppressed in CFTR^‐/‐^ swine. Our result indicated that the ASL secretion against inhaled *P. aeruginosa* is missing in the CF airway, which may contribute to the airway defence failure and further lead to chronic infection and inflammation. Moreover, our result suggested the basal ASL secretion is lost in CFTR‐/‐ piglets. This basal secretion might play a major function that helps the airway defence to trap particles in the inhaled air and explain the mucus viscosity changes in the CF airways.

Supported by Cystic Fibrosis Canada and Canadian Institutes of Health Research.
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**USING SYNCHROTRON‐BASED PHASE CONTRAST IMAGING TO STUDY EARLY‐STAGE CYSTIC FIBROSIS SMALL AIRWAY DISEASE PATHOBIOLOGY**

[Luan, X.]{.ul} ^1^; Belev, G.^3^; Chapman, D.^2^; Ianowski, J.P.^1^ *1. Physiology, University of Saskatchewan, Saskatoon, SK, Canada* *; 2. Anatomy & Cell Biology, University of Saskatchewan, Saskatoon, SK, Canada* *; 3. Canadian Light Source Inc., Saskatoon, SK, Canada*

There is strong evidence that CF lung disease starts in the small airway. Studies show that CF children may develop small airways structural damage in very early life. And recent study shows that the newborn CF piglet shows lesions in the airway that appear as regions with obstructed airflow in the distal airways without any obvious evidence of airway infection, inflammation, or mucus accumulation. However, it is still unclear how CFTR dysfunction leads to CF peripheral airway disease. Evidence suggests CF lung lesions occur in the small airways less than 1 mm in diameter. Unfortunately, current imaging methods, such as hospital CT and MRI, are unable to visualize small airways about 1mm in cross section. Thus, a new imaging method is required to provide high‐resolution image for the small airways and to perform longitudinal studies in order to follow the development of CF small airway disease.

Our objective is to develop a new imaging method to study CF airway disease in the distal airways and to track the progress in live swine. We propose to use a synchrotron‐based phase contrast imaging method to visualize the distal airways and to investigate the possible anatomical and physiological variations during the early stage of disease. There is substantial evidence that synchrotron‐based phase contrast imaging has great potential to image the lung. The large differences in refractive index between air, fluid, and soft tissue give a strong refraction signature that is easily detected using phase‐related imaging methods.

Our preliminary data suggested that synchrotron‐based phase contrast imaging CT scan allows us to visualize and investigate the distal airways. High‐energy monochromatic x‐ray (70 KeV) was selected since the higher the x‐ray energy, the lower the radiation dose delivered to the animal. Also, in order to provide a better signal‐to‐noise ratio, sample‐to‐detector distance had been carefully chosen to highlight the distal airways but to avoid detecting the alveolus. The data showed that airways smaller than 100 μm in diameter can be detected in *ex vivo* preparations. The result indicated that phase contrast imaging CT can provide much better image quality with a reasonable radiation dose.

In the future, we want to compare the small airway anatomy for both wild‐type and CFTR‐/‐ swine. Our ultimate goal is to investigate the changes in airway anatomy, to understand the cause of air trapping in CF airways using live CF swine and follow the progression of the disease over time as the CF animals develop chronic infection and inflammation.

Supported by Cystic Fibrosis Canada and Canadian Institutes of Health Research.
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**TRPA1 CHANNELS MODULATE THE INFLAMMATORY RESPONSE IN RESPIRATORY CELLS FROM CYSTIC FIBROSIS PATIENTS**

[Cabrini, G.]{.ul} ^1^; Prandini, P.^1^; Provezza, L.^1^; Munari, S.^1^; Dechecchi, M.^1^; Tamanini, A.^1^; Nassini, R.^2^; Materazzi, S.^2^; Montagner, G.^3^; Ribeiro, C.P.^4^; Rimessi, A.^5^; Lippi, G.^1^; Pinton, P.^5^; Geppetti, P.^2^; Gambari, R.^3^ *1. Laboratory of Molecular Pathology, University Hospital of Verona, Verona, Italy* *; 2. Dept of Preclinical and Clinical Pharmacology, University of Florence, Florence, Italy* *; 3. Dept of Life Sciences and Biotechnology, University of Ferrara, Ferrara, Italy* *; 4. Dept of Medicine and Dept of Cell Biology and Physiology, Marsico Lung Institute, CF Research Center, University of North Carolina, Chapel Hill, NC, USA* *; 5. Signal Transduction Lab, University of Ferrara, Ferrara, Italy*

*Pseudomonas aeruginosa* colonization, prominent inflammation with massive expression of the neutrophil chemokine IL‐8 and luminal infiltrates of neutrophils are hallmarks of chronic lung disease in cystic fibrosis (CF) patients. The nociceptive transient receptor potential ankyrin 1 (TRPA1) calcium channels have recently been found involved in non‐neurogenic inflammation. Here, we investigated the role of TRPA1 in CF respiratory inflammatory models in vitro. Expression of TRPA1 was evaluated in CF lung tissue sections and cells by immunohistochemistry and immunofluorescence. Epithelial cell lines (A549, IB3‐1, CuFi‐1, CFBE41o^‐^) and primary cells from CF patients were utilized to a) check TRPA1 function modulation, by Fura‐2 calcium imaging; b) down‐modulate TRPA1 function and expression with pharmacological inhibitors (HC‐030031 and A‐967079) and siRNA silencing; and c) assess the effect of TRPA1 down‐modulation on expression and release of cytokines upon exposure to pro‐inflammatory challenges, by qRT‐PCR and 27‐protein Bioplex assay. TRPA1 channels are expressed in the CF pseudostratified columnar epithelium facing the bronchial lumina exposed to bacteria, where IL‐8 is co‐expressed. Inhibition of TRPA1 expression results in a relevant reduction of release of several cytokines, including IL‐8 and the pro‐inflammatory cytokines IL‐1β and TNF‐α, in CF primary bronchial epithelial cells exposed to *P. aeruginosa* and to the supernatant of mucopurulent material (SMM) derived from the chronically infected airways of CF patients. In conclusion, TRPA1 channels are involved in regulating the extent of airway inflammation driven by CF bronchial epithelial cells.

Supported by Italian CF Research Foundation grant FFC \#17/2014.
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**INTRACELLULAR CALCIUM MOBILIZATION AND THE INFLAMMATORY RESPONSE IN CF BRONCHIAL EPITHELIAL CELLS**

[Cabrini, G.]{.ul} ^1^; Prandini, P.^1^; Munari, S.^1^; Fabbri, E.^2^; Montagner, G.^2^; Dechecchi, M.^1^; Tamanini, A.^1^; Lippi, G.^1^; Finotti, A.^2^; Lampronti, I.^2^; Rimessi, A.^3^; Gambari, R.^2^; Pinton, P.^3^ *1. Laboratory of Molecular Pathology, University Hospital of Verona, Verona, Italy* *; 2. Dept of Life Sciences and Biotechnology, University of Ferrara, Ferrara, Italy* *; 3. Signal Transduction Lab, University of Ferrara, Ferrara, Italy*

Changes in intracellular \[Ca^2+^\] are key regulators of the activities of ion transporters and channels involved in transepithelial fluid secretion in airway epithelia. Dysregulated intracellular Ca^2+^ homeostasis in CF bronchial epithelial cells has been claimed as a potential druggable target to compensate for CFTR Cl^‐^ transport defect and/or to reduce excessive CF lung inflammation (as a summary see the Figure). However, the precise identification of the Ca^2+^ transporter/channel to be targeted is contradictory and requires further understanding on the pros and cons of pharmacological modulation of intracellular Ca^2+^ mobilization. Here we present results focusing on the role of some of the intracellular Ca^2+^ modulators activated upon interaction of *P. aeruginosa* with bronchial epithelial cells, inducing the classical intracellular pro‐inflammatory signaling leading to upregulation of IL‐8, IL‐1β, IL‐6 and TNF‐α release. We previously showed that direct interaction of *P. aeruginosa* with toll‐like receptors (TLR2, 5 and 4) strongly overexpresses the IL‐8 gene by MyD88/dependent phosphorylation of mitogen activated protein kinases ERK1/2, p38, JNK, and downstream kinases RSK1/2 and HSP27, leading to intranuclear translocation of transcription factors such as NF‐kB, NF‐IL6, AP‐1, CREB and CHOP. Release of ATP in the extracellular milieu is able to sustain a P2Y purinergic receptors‐ and phospolipase C beta 3‐dependent release of intracellular Ca^2+^ which potentiates the MyD88‐dependent inflammatory pathways. More recently, we observed that flagellin from *P. aeruginosa* alters in a CF‐specific manner the Ca^2+^ homeostasis, leading to mitochondrial perturbation with increased Ca^2+^ influx and production of reactive oxygen species, which drives to exaggerated inflammasome activation and the release of IL‐1b. This opens further questions on the role of the different intracellular Ca^2+^ compartments and subcellular domains, widening the panel of candidate molecular targets to be considered.

Supported by Italian Cystic Fibrosis Research Foundation to GC, RG and PP, grants FFC \#18/2009, FFC \#12/2010, FFC \#19/2011, FFC \#17/2014.
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Ca^2+^ channels and transporters involved in CF lung inflammatory signaling
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**EPITHELIAL‐AUTONOMOUS HYPERPROLIFERATION AND ALTERED WNT/β‐CATENIN SIGNALING IN THE CFTR KNOCKOUT INTESTINE**

Strubberg, A.M.; Liu, J.; Walker, N.; Stefanski, C.D.; [Clarke, L.L.]{.ul} *Dalton Cardiovascular Research Center; Dept. of Biomedical Sciences, University of Missouri, Columbia, MO, USA*

Gastrointestinal disease is one of the earliest manifestations of cystic fibrosis (CF) and presents life‐long conditions such as dysbiosis, low‐grade inflammation and an increased risk for gastrointestinal cancer. Recently it was shown that ˜60% of aged CF mice develop intestinal polyps and altered Wnt/β‐catenin signaling, a pathway responsible for intestinal stem cell (ISC) proliferation (Than BL, et al. Oncogene. 2016:doi:10.1038/onc.2015.483). Based on previous evidence of intestinal hyperproliferation in CF mice, we investigated two hypotheses using sex‐matched wild‐type (WT) and Cftr knockout (KO) mice. In the first hypothesis, we asked whether Cftr KO intestinal hyperproliferation was either an epithelial‐autonomous effect of Cftr loss or secondary to the environmental conditions of the CF intestine. For this study, comparisons were made between freshly isolated intestinal crypts (ex vivo) and intestinal epithelial crypt organoids (enteroids) grown and passaged in primary culture. Relative to WT, ex vivo Cftr KO crypts and Cftr KO enteroids (devoid of inflammation, microbiome, systemic factors) had similar increases in epithelial proliferation (+34% vs.+37%), numbers of ISCs (30% vs 74%) and levels of active β‐catenin and the Wnt target gene Lef1. Previous studies have shown that binding of the signaling mediator disheveled (Dvl) to the Wnt receptor frizzled (Fz) is stabilized by a pH‐sensitive interaction at the plasma membrane that facilitates Wnt signaling. Since we have shown that the Cftr KO crypt epithelium maintains an alkaline intracellular pH (Liu J, et al. Am J Physiol Cell Physiol. 2012;302:C1492‐503), it was hypothesized that Dvl would be more closely associated with the plasma membrane in Cftr KO relative to WT enteroids. Using enteroids from Cftr KO and WT mice bred to Dvl2‐EGFP/Rosa plasma membrane dTomato mice, it was found that Dvl2‐EGFP more closely associated with the plasma membrane at the apical pole of crypt base cells in Cftr KO crypts. Reduction of Dvl2 association at the apical pole by reducing intracellular pH in Cftr KO enteroids was correlated with decreased active β‐catenin and proliferation. We conclude that 1) intestinal hyperproliferation in the Cftr KO intestine is an epithelial‐autonomous consequence of Cftr loss; and 2) a potential mechanism of increased Wnt/β‐catenin signaling and hyperproliferation in the Cftr KO intestine is increased Dvl2 plasma membrane association resulting from dysregulated intracellular pH in crypt base cells. Funded by NIH and CFF.
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**CONFOCAL REFLECTION MICROSCOPY IS A PROMISING NOVEL METHOD TO STUDY AIRWAY SURFACE LIQUID DYSREGULATION IN CYSTIC FIBROSIS**

[Seyhan Agircan, A.]{.ul} ^1,2^; Lampe, M.^1,2,3^; Duerr, J.^1,2^; Pepperkok, R.^1,3^; Mall, M.A.^1,2^ *1. Translational Lung Research Center Heidelberg (TLRC), Member of the German Center for Lung Research (DZL), Heidelberg, Germany* *; 2. Department of Translational Pulmonology, University of Heidelberg, Heidelberg, Germany* *; 3. European Molecular Biology Laboratory (EMBL), Heidelberg, Germany*

**Background:** Measurements of airway surface liquid (ASL) on primary airway epithelial cultures (AECs) grown at air‐liquid interface (ALI) identified ASL depletion as a characteristic abnormality in cystic fibrosis (CF) and may be used as an endpoint for preclinical testing of strategies to improve airway surface hydration in patients with CF. Traditionally, ASL height has been measured by fluorescent confocal microscopy after addition of fluorescently labelled liquid to the apical surface of the epithelium, however, several hours are required to restore steady state ASL depth after this volume challenge.

**Objective:** To provide a novel approach to study ASL depth and regulation using confocal reflection microscopy.

**Methods:** Primary AECs were isolated and cultured at an ALI from βENaC‐overexpressing mice, a model of CF lung disease, and their wild‐type littermate controls. ASL height was measured simultaneously by confocal reflection microscopy and fluorescent microscopy as reference and results were compared.

**Results:** Directly after fluorescent dye addition (t=0h), ASL height on AEC from wild‐type mice obtained by reflection (rm) and fluorescent microscopy (fm) were not different (rm: 32.6±5μm vs. fm: 30.6±4μm; p=0.8). At t=2h after volume challenge, ASL height was reduced (rm: 5.2±0.4μm vs. fm: 5.3±0.2μm; p=0.9) and at t=24h ASL height recovered to normal levels and did not differ between the two techniques (rm: 5.8±0.3μm vs. fm: 6.1±0.2μm; p=0.2). In AEC from βENaC‐overexpressing mice, ASL height was similar at early time points (t=0 and t=2h) but remained reduced at t=24h (rm: 4.4±0.2μm vs. fm: 4.7±0.4; p=0.5), and did not differ between techniques.

**Conclusions:** Reflection confocal microscopy can be used as an alternative method to fluorescent microscopy to study ASL height (dys)regulation. This approach may facilitate preclinical evaluation of novel drugs designed to improve airway surface hydration in patients with CF under more physiological conditions.

Supported by BMBF (82DZL00401).
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**A NOVEL NEUTROPHIL ELASTASE INHIBITOR, POL6014, FOR THERAPEUTIC POTENTIAL IN CYSTIC FIBROSIS AND AIRWAYS DISEASE CHARACTERIZED BY NEUTROPHIL‐DOMINATED INFLAMMATION**

[Lacey, N.]{.ul} ^1^; Lavelle, G.M.^1^; Flinn, K.^1^; Hawkins, P.^1^; Gargoum, F.S.^1^; Dunlea, D.^1^; McCarthy, C.^1^; O\'Brien, M.E.^1^; Gunaratnam, C.^1^; Sellier‐Kessler, O.^2^; Chevalier, E.^2^; Reeves, E.^1^; McElvaney, N.G.^1^ *1. Respiratory Research Division, Royal College of Surgeons in Ireland, Beaumont Hospital, Dublin 9, Ireland* *; 2. Polyphor Ltd, Hegenheimermattweg 125, CH‐4123 Allschwil, Switzerland*

Neutrophil elastase (NE) is a destructive serine protease found in the primary granules of neutrophils and is predominantly inhibited by alpha‐1 antitrypsin (AAT). NE plays a major role in pulmonary inflammation and unchecked lung levels of released active NE can cleave elastin, leading to structural damage and impaired lung function. Exaggerated NE levels also compromise the protective antimicrobial screen of the lung by degrading important anti‐proteases and antimicrobial peptides. For this reason, NE is a major drug target for novel therapies in inflammatory lung disease, including cystic fibrosis (CF), non‐CF bronchiectasis (NCFB) and alpha‐1 antitrypsin deficiency (AATD). In this study, we evaluated a novel Protein Epitope Mimetic (PEM) NE inhibitor (POL6014) for therapeutic potential in CF, NCFB and AATD by comparing IC~50~ values with a prototype inhibitor (AZD9668) and the known endogenous inhibitor, AAT, in lung fluids, whilst also evaluating its toxicity and functional effect on neutrophils.

Ethical approval was obtained from Beaumont Hospital. Bronchoalveolar lavage fluid (BALF) was collected from consented CF (n=6, mean FEV~1~ 55% ± 8.4) and AATD patients (n=6, mean FEV~1~ 67% ± 13). Sputum samples were also collected from CF (n=6, mean FEV~1~ 44% ± 3.82) and NCFB (n=6, mean FEV~1~ 58% ± 12) patients. NE activity was quantified using a specific fluorescence resonance energy transfer (FRET) substrate. A range of inhibitor concentrations was evaluated to determine the IC~50~. Viability and neutrophil‐mediated bacterial killing assays determined potential cell toxicity issues and host defense capabilities. AAT and POL6014 stability in respiratory samples at 37°C over 24 hours was determined by Western immunoblot analysis and LC‐MS respectively. One‐way ANOVA followed by post hoc Tukey test was used to determine significance.

POL6014 and AAT IC~50~ values were significantly lower than those observed for the prototype inhibitor AZD9668 in CF (*P*\<0.001), NCFB (*P*\<0.01) and AATD (*P*\<0.001). Of note, there was no statistical difference observed in IC~50~ values between POL6014 and AAT in CF, NCFB or AATD (*P*\>0.05). Importantly, POL6014 did not affect neutrophil viability or ability to effectively kill *Pseudomonas aeruginosa* or *Staphylococcus aureus* in vitro at concentrations up to 10 μM. AAT integrity was preserved in CF BALF and sputum samples and in contrast POL6014 was partially degraded over a 24‐hour time course thereby avoiding potential drug accumulation in the lung.

These results indicate that POL6014 has comparable NE inhibitory action with AAT whilst not impacting upon neutrophil function. Therefore, POL6014 represents a novel potential therapeutic avenue for further exploration in inflammatory lung diseases such as CF, NCFB and AATD. The in vivo effect of this novel NE PEM inhibitor will be determined in models of airway infection in the future.
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**PULMONARY ADMINISTRATION OF TGFβ IS SUFFICIENT TO REPLICATE IMPORTANT FEATURES OF CYSTIC FIBROSIS: WEIGHT LOSS, INFLAMMATION, GOBLET CELL HYPERPLASIA, AND CFTR REDUCTION**

[Kramer, E.]{.ul}; Hardie, W.; Davidson, C.; Clancy, J.P. *Pulmonary Medicine, Cincinnati Children\'s Hospital Medical Center, Cincinnati, OH, USA*

**Introduction**: Transforming growth factor‐beta 1 (TGFβ) is a pleiotropic cytokine that has been shown to play a critical role in regulating inflammation, differentiation, and fibrotic remodeling during tissue damage and repair. TGFβ has also been identified as a genetic modifier of cystic fibrosis (CF) lung disease. In addition, TGFβ levels are elevated in the plasma and lower airways of CF patients, with relationships to infectious status and lung disease severity (Harris W, et al. Pediatr Pulmonol. 2011;46:688‐95). However, it is unclear how TGFβ negatively impacts CF lung disease. A clearer understanding of TGFβ\'s effects on CF lung disease may allow better selection of patient‐specific treatment regimens. Our group has previously demonstrated that exposure of primary human airway epithelial cells in vitro to TGFβ downregulates both CFTR and an alternate chloride transporter, TMEM16A (Sun H, et al. PLoS One. 2014;9(9)). Previously, we have also shown that brief pulmonary administration of recombinant TGFβ to mice was sufficient to downregulate CFTR and TMEM16A, as well as induce mucous cell hyperplasia. Here, we examine the effects of TGFβ overexpression via an adenoviral vector in mouse lungs. We hypothesized that pulmonary exposure to Ad‐TGFβ in vivo downregulates chloride transporters and promotes goblet cell hyperplasia.

**Methods**: Transient pulmonary TGFβ overexpression was achieved using an adenoviral vector containing the TGFβ transgene (Ad‐TGFβ). Ad‐TGFβ (at doses ranging from 1 x 10^6^‐5 x 10^8^ pfu), PBS, or an empty vector control were intratracheally administered to wild‐type, C57‐BL6 mice. After one week, mice were sacrificed, and BALF and lungs were collected for cytology, ELISA, histology, and Western Blot analysis.

**Results**: As expected, Ad‐TGFβ caused increased TGFβ expression in a dose‐dependent manner to a maximum of 160 ng/mL in BAL at the highest dosage of Ad‐TGFβ. Mice exposed to Ad‐TGFβ lost up to 24% of starting weight by day 7, while control mice did not lose weight. Mice exposed to 5x10^6^ pfu or more Ad‐TGFβ showed increased cellularity of BAL with an increase in lymphocytes and neutrophils compared to controls. CFTR protein levels were reduced to \<1% of control levels at the highest dosage of Ad‐TGFβ. Trichrome staining did not reveal significant fibrosis, although PAS staining did show a dose‐dependent increase in goblet cell numbers in animals exposed to Ad‐TGFβ.

**Conclusions**: Overexpression of TGFβ by administration of pulmonary Ad‐TGFβ was sufficient to replicate important features of CF in a dose‐dependent manner, including weight loss, pulmonary inflammation, goblet cell hyperplasia, and CFTR reduction. Future studies will define the molecules or pathways activated downstream of TGFβ that are responsible for these effects and investigate potential therapeutic targets.

**Acknowledgements**: We would like to thank Dr. Satish Madala for his valuable assistance with this project. Supported by the CFF.
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**IMPAIRED MUCUS CLEARANCE EXACERBATES ***ASPERGILLUS FUMIGATUS***‐INDUCED TYPE 2 AIRWAY INFLAMMATION IN JUVENILE MICE WITH CYSTIC FIBROSIS‐LIKE LUNG DISEASE**

[Hagner, M.]{.ul}; Fritzsching, B.; Dai, L.; van Bodegom, C.; Christochowitz, S.; Duerr, J.; Zhou‐Suckow, Z.; Mall, M.A. *Translational Pulmonology, Translational Lung Research Center (TLRC), Member of the German Center for Lung Research (DZL), University of Heidelberg, Heidelberg, Germany*

**Objectives:** *Aspergillus fumigatus* colonizes the airways of patients with cystic fibrosis (CF) and frequently causes allergic bronchopulmonary aspergillosis (ABPA) characterized by type 2 airway inflammation that has been associated with severity of CF lung disease. However, the mechanisms leading to *Aspergillus fumigatus*‐induced type 2 airway inflammation in CF airways remain poorly understood. We hypothesized that reduced mucociliary clearance, a characteristic feature of CF, facilitates *Aspergillus fumigatus*‐induced type 2 airway inflammation.

**Methods:** To test this hypothesis, juvenile *Scnn1b*‐Tg mice with CF‐like lung disease and wild‐type (WT) controls were challenged with *Aspergillus fumigatus* extract (Af) or vehicle alone and key features of type 2 airway inflammation such as airway eosinophilia, goblet cell metaplasia and airway hyperresponsiveness were compared. Further, cellular sources of the type 2 signature cytokine IL‐13 and molecular mechanisms leading to its expression were investigated. Additionally, effects of therapeutic improvement of mucus clearance by inhibiting epithelial sodium channels (ENaC) with topical administration of amiloride were evaluated.

**Results:** Mucociliary clearance and whole lung Af clearance were significantly reduced in naïve *Scnn1b*‐Tg mice compared to WT littermates. Reduced clearance of Af aggravated *Stat6*‐dependent IL‐13 secretion, airway eosinophilia and airway hyperresponsiveness in *Scnn1b*‐Tg mice treated with Af. Increased expression of IL‐13 and IL‐33 was detected in airway epithelial cells of *Scnn1b*‐Tg mice treated with vehicle or Af. In vitro stimulation by IL‐33 induced expression of IL‐13 in primary tracheal epithelial cells isolated from WT or *Scnn1b*‐Tg mice. The number of IL‐13 producing T‐cells and type 2 innate lymphoid cells was elevated in lungs of *Scnn1b*‐Tg mice challenged with Af. Preventive treatment with the ENaC blocker amiloride improving airway surface hydration and mucus clearance abrogated Af‐induced airway eosinophilia in WT and *Scnn1b*‐Tg mice. Further, amiloride treatment prevented induction of IL‐13 expression in response to Af challenge.

**Conclusions:** Our data support that impaired clearance of inhaled Af triggering IL‐13 production by multiple cell types in the airways plays an important role in the pathogenesis of type 2 airway inflammation and suggest that therapeutic improvement of mucociliary clearance may be an effective strategy to prevent this disease aggravating inflammatory response in CF.

Supported by DFG (MA 2081/3‐2) and BMBF (82DZL00401).

**98**

**UNRAVELLING THE LINK BETWEEN PLASMA MEMBRANE SPHINGOLIPID COMPOSITION AND ABERRANT INFLAMMATORY RESPONSE IN CYSTIC FIBROSIS**

[Aureli, M.]{.ul} ^1^; Schiumarini, D.^1^; Loberto, N.^1^; Bassi, R.^1^; Mancini, G.^1^; Tamanini, A.^2^; Lippi, G.^2^; Cabrini, G.^2^; Munari, S.^2^; Dechecchi, M.^2^; Sonnino, S.^1^ *1. Medical Biotechnology and Translational Medicine, University of Milano, Milano, Italy* *; 2. Department of Pathology and Diagnostics, University Hospital of Verona, Verona, Italy*

Cystic fibrosis (CF) is characterized by progressive chronic infection and inflammation of airways, which represents the major cause of mortality in CF patients. Several studies indicate that sphingolipids (SLs) play a regulatory role in CF lung inflammation. In fact, the downregulation of plasma membrane (PM) glucocerebrosidase‐GBA2 is associated with a significant reduction of IL‐8 after *P. aeruginosa* infection, as well as a reduction of the intrinsic inflammatory state in CF human bronchial epithelial cells. However, it is nowadays accepted that, in addition to GBA2, several enzymes involved in SLs catabolism are associated with the PM. These enzymes could be directly involved in in‐situ PM modifications resulting in the activation of the inflammatory response occurring in CF, even if their possible involvement is unknown so far.

To address this issue, we measured the activity of the main PM‐hydrolases in wild‐type (NuLi‐1) and CF (CuFi‐1) human bronchial epithelial cells. CuFi‐1 cells showed a double activity of β‐glucocerebrosidase‐GBA1, β‐galactosidase (β‐gal) and β‐hexosaminidase (β‐hex) and the activity of GBA2 was four‐fold higher with respect to NuLi‐1 cells. We investigated the effect of *P. aeruginosa* strain PAO1 on the same hydrolytic enzymes and we found similar activities in both not‐infected and infected cells. As known, SLs form specialized regions called lipid rafts able to recruit mediators of signal transduction.

In order to examine whether *P. aeruginosa* infection induces modifications at this level, we isolated the detergent resistant membrane fraction (DRM) from infected and not infected NuLi‐1 and CuFi‐1 cells. In CuFi‐1 cells, PAO1 infection causes an increase in glucosylceramide and ceramide, and a reduction in GM3. We also observed an increased activity of GBA1, β‐gal and β‐hex. Conversely, no changes were found in the SLs composition of DRM of NuLi‐1 cells.

Taken together, these data suggest that, in CF cells, *P,aeruginosa* infection causes a recruitment of PM glycohydrolases into lipid rafts. The concomitant presence of the enzymes and their substrates allows the changing of SL composition that, with ceramide, is responsible for the activation of inflammatory response.

Supported by: Italian Cystic Fibrosis Research Foundation (grant FFC \#24/2014 to SS and \#22/2015 to MCD).
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**SECRETION OF INFLAMMASOME COMPLEXES HIGHLIGHTS UNCONVENTIONAL NEUTROPHIL ACTIVITY AND A POTENTIAL IMPACT IN CYSTIC FIBROSIS AIRWAY DISEASE**

[Laval, J.]{.ul} ^1^; Bakele, M.^1^; Hailfinger, S.^2^; Gassen, N.^3^; Hector, A.^1^; Hartl, D.^1^ *1. Pediatric Infectious Diseases, Immunology & Pneumology/Cystic Fibrosis, University Clinic of Tübingen, Tübingen, Germany* *; 2. Interfaculty Institute of Biochemistry, University of Tübingen, Tübingen, Germany* *; 3. Max Planck Institute of Psychiatry, Munich, Germany*

**Rationale:** Massive neutrophil recruitment and their secreted products are hallmarks of cystic fibrosis (CF) airway disease. We previously described that healthy neutrophils store key inflammasome components and release Il‐1ß, found at high levels in CF airways (Bakele M, et al. J Biol Chem. 2014;289:5320‐9). Moreover, a recent study identified that inflammasomes, usually thought to be cytosolic multi‐protein complexes, could be secreted by macrophages and act as an extracellular danger signal to amplify inflammation (Baroja‐Mazo A, et al. Nat Immunol. 2014;15:738‐48).

**Aims:** We attempt to characterize neutrophil inflammasome components, their secretion and their bioactivity to evaluate the potential impact in CF lung disease.

**Methods:** We activated inflammasomes in isolated neutrophils and PBMCs (LPS +/‐ ATP or Nigericin) and also performed autocrine/paracrine stimulation to evaluate the impact on neutrophil/PBMC activity. Collected supernatants were analysed by western blot, enzymatic assays and ELISA to detect secreted inflammasome proteins\' and caspases\' activities and Il‐1ß levels. Finally, we assessed inflammasome activity in CF neutrophils and fluids by flow cytometry and Western blot, which we compared to healthy control samples.

**Results:** We demonstrated that human neutrophils release distinct oligomeric inflammasome‐associated particles. These secreted complexes, from both PBMCs and neutrophils remained enzymatically active, interacted physically with caspase‐1 and amplified the inflammatory response. In addition, we described inflammasome modulation in CF samples.

**Conclusions:** These findings support a model where neutrophils release inflammasome components as an endogenous danger signal and therefore amplify the inflammatory response, suggesting potential anti‐inflammatory therapeutic strategies in CF.

This work is supported by the European Respiratory Society.
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**IMPACT OF RESTORATION OF CFTR ACTIVITY ON MUCIN PRODUCTION AND MUCUS PROPERTIES**

[Samir, S.]{.ul}; Cawley, M.; Moorefield, E.; Chaudhry, I.; Gilmore, R.; Hill, D.; Gentzsch, M.; Ehre, C. *Marsico Lung Institute/Cystic Fibrosis Center, Chapel Hill, NC, USA*

**Introduction:** Defective CFTR function affects most mucin‐producing organs. More specifically, the CF pathogenesis is characterized by the build‐up of viscous mucus in organs such as the lungs, sinuses, intestine, pancreas and reproductive tract. For this reason, CF is also known as mucoviscidosis, suggesting that polymeric, gel‐forming mucins, the large O‐linked glycoproteins responsible for the viscoelastic properties of mucus, play a critical role in the disease. CFTR malfunction causes reduced transepithelial Cl^‐^ secretion, Na^+^ hyperabsorption, and mucin hyperconcentration, which results in slowed mucociliary clearance (MCC). Our goal is to understand the factors that regulate mucus viscoelasticity and restore normal mucus properties in CF. Ivacaftor, a CFTR potentiator (e.g., targeting G551D mutation), was shown to yield large improvements in lung function. Ivacaftor was also shown to dramatically increase the rate of MCC and significantly improve ventilation defects, suggesting an effect on mucus biophysical properties. However, direct effects of CFTR rescue on mucin concentration and mucus transportability have not been established.

**Methods:** To investigate the molecular mechanisms linking CFTR rescue to improved mucus properties, we used immortalized HBE cells carrying a G551D mutation, i.e., UNCCF6T cells, to measure the effects of ivacaftor on mucin production and mucus properties. We also used the F508del *cftr* (cf) mouse model to study the impact of Cftr function on gastrointestinal mucus and used intestinal organoids to identify modulators that are effective in mice.

**Results:** UNCCF6T cells showed enhanced transepithelial short‐circuit currents when treated with ivacaftor. Treatment had no effect on mucin mRNA expression, mucin secretion and ciliary beat frequency (CBF). However, cilia beat amplitude (CBA) was ˜30% greater in ivacaftor‐treated cells, suggesting an effect on the surrounding milieu (i.e., the mucus layer), perhaps due to improved hydration. We are currently working at collecting undiluted mucus from these cells to measure percent solids and passive bead diffusion (i.e., microrheology). Using these two approaches, we showed that gut mucus was more concentrated in cf mice (7.7% vs 4.6% in WT mice) and bead sub‐diffusivity was reduced 100‐fold in cf mucus, confirming a robust gut/mucus phenotype in this model. We then tested CFTR modulators on murine enteroids to uncover potential compound(s) that would rescue murine Cftr activity. We identified a corrector/potentiator combination wherein cf organoids swelled at ˜40% of WT (similar to ivacaftor on G551D). This model is being used to study the molecular/organizational changes within the mucin polymeric network following CFTR rescue.

**Conclusion:** We demonstrated that CFTR rescue had no direct effect on mucin production and/or CBF, but improved mucus viscoelastic properties. Using murine intestinal organoids, we identified two compounds that restored F508del Cftr function in mice. These modulator compounds are being used in vivo to study the effects of Cftr rescue on mucus concentration, pH, viscoelastic properties, bacterial burden and GI transit.

**101**

**HIGH‐DOSE IBUPROFEN REGULATES MICROTUBULE DYNAMICS THROUGH THE AMPK PATHWAY IN CYSTIC FIBROSIS EPITHELIAL CELLS**

[Rymut, S.M.]{.ul}; Kampman, C.; Endres, T.; Corey, D.A.; Kelley, T.J. *Pediatrics, Case Western Reserve University, Cleveland, OH, USA*

Chronic inflammation remains a challenge for cystic fibrosis (CF) patients. Left untreated, inflammation contributes largely to pulmonary lung function decline. High‐dose ibuprofen is currently the only anti‐inflammatory approved by the CF Foundation, where benefits include decreased lung disease progression, reduced neutrophil migration, and decreased propensity for nasal polyp growth; however, the mechanism of action is unclear. Further, only 3.3% of patients are prescribed high‐dose ibuprofen due to potential side effects, including gastrointestinal bleeding and renal injury. There is a clear need to understand the mechanism of ibuprofen efficacy in order to develop an effective and safer replacement. Previously in our lab, we have reported that microtubule acetylation expression and polymerization rates are decreased in CF epithelial cells. The decrease in microtubule formation rate contributes to decreased intracellular transport and thus inflammatory signaling. Here, we hypothesize that high‐dose ibuprofen improves inflammation via improved microtubule structure and dynamics. Microtubule polymerization rates were analyzed by the initiation of microtubule formation, where the percent of cells with an alpha‐tubulin aster at various time points was determined. After high‐dose ibuprofen (500μM) for 24 hours, there was a 33.5% increase in CF (IB3‐1) cells with asters after 8 minutes of re‐polymerization, normalizing it to wild‐type cells. Functionally, there were 45% less CF cells with accumulated cholesterol after being treated with high‐dose ibuprofen, indicating a reinstatement of intracellular transport. Comparing microtubule polymerization rates to other analgesics and cyclooxygenase inhibitors (ie aspirin, acetaminophen, and celecoxib), the reformation of microtubules was specific to high‐dose ibuprofen, where no other drug significantly increased CF microtubule formation rates. Enhanced microtubule polymerization was confirmed in primary human nasal epithelial (HNE) cells obtained from CF patients after ibuprofen treatment. Mechanistically, effects of ibuprofen were mimicked by stimulation of AMPK (AICAR, 500 μM, 24h), where there was a 34.6% increase in CF (IB3‐1) cells with asters after 8 minutes of re‐polymerization and a 51.2% reduction in CF cells with accumulated cholesterol. Effects of ibuprofen were blocked with AMPK inhibitor compound c. It is concluded that high‐dose ibuprofen treatment enhances microtubule formation in CF cells likely through an AMPK‐related pathway, implicating microtubule structure and dynamics as an important facet linking CFTR to inflammation. Supported by the CFF and NIH.
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**PROTEOMIC ANALYSIS OF ADULT NON‐CF AND CF FERRET BRONCHOALVEOLAR LAVAGE FLUID**

[Evans, T.]{.ul}; Rosen, B.H.; Liang, B.; Zhang, Y.; Gibson, S.; Engelhardt, J. *Anatomy and Cell Biology, Carver College of Medicine, University of Iowa, Iowa City, IA, USA*

Bronchoalveolar lavage fluid (BALF) is a an important diagnostic sample source for the progression of cystic fibrosis (CF) lung disease and the study of the CF BALF proteome has advanced our understanding of inflammatory disease in the CF lung and its relationship to bacterial infection. However, pathophysiologic changes to the CF BALF proteome that are independent of bacterial infection have been difficult to discern from human studies. In the present study, we collected BALF from 3 CF and 3 non‐CF adult (2 to 3 years old) ferrets maintained on three synergistic antibiotics for life (piperacillin/tazobactam, enrofloxacin, and metronidazole). Culturable bacteria in the BALF were not significantly different between genotypes (non‐CF: 60±104 CFU; CF: 60±79 CFU). In contrast to our proteomic studies in newborn CF and non‐CF ferrets (Keiser NW, et al. Am J Respir Cell Mol Biol. 2015;52:683‐94), the BALF obtained from adult ferrets contained high levels of albumin, presenting a significant barrier to analyzing the proteome. In order to increase the dynamic coverage and improve protein discovery, BALF samples were first fractionated using OFFGEL isoelectric focusing in urea buffer and albumin fractions were removed. BALF processed using this technique was then subjected to LC‐MS/MS to identify proteomic content. Overall, a total of 244 and 247 proteins were identified in non‐CF and CF BALF samples, respectively. Of these proteins, 232 were common to both genotypes with 12 and 15 unique proteins in the non‐CF and CF BALF, respectively. Semi‐quantitative analysis of LC‐MS/MS results was performed using the total ionization intensity of each peptide detected per protein. Highly elevated levels of numerous inflammation and immunity related proteins with established antimicrobial activity were observed in the CF BALF when compared to the non‐CF. In particular, RNASE6, CHIT1, CD177, MPO, CFHR4, LGALS3 and LTF protein levels were much higher in CF BALF compared to the non‐CF. Furthermore, CF BALF had elevated levels of proteases/antiproteaes. Levels of MMP8, CTSG, LTF, ANPEP, HSP90AA1, PSMB1 and CFB proteases were higher in CF BALF. While most antiproteases such as MUC5B, C5, A2M and SERPINA4 levels were elevated in CF BALF, some antiproteases (SLPI, SERPINA1, A5 and D1) were lower in CF compared to non‐CF BALF, an implication of a protease/antiprotease imbalance within the BALF. Ingenuity pathway analysis (IPA) was employed to determine the canonical and disease pathways of both non‐CF and CF BALF proteome. While the predominant non‐CF canonical pathways included acute phase response signaling and LXR/RXR activation, the predominant canonical pathways for CF proteins were in complement system activation. Disease or bio‐function analysis demonstrated that a number of "cell movement" related genes were either increased (CF, MIF, ALDOA, CFB, MMP8, SOD1, LGALS3, TKT) or decreased (AGT, GAPDH, SFTPD, TUBB, ICAM1, BPIFA1, ENO1, PDIA3) in CF samples. This study provides insights into CF‐associated changes in the lung under strong antibiotic selection against bacterial growth.
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*****PSEUDOMONAS AERUGINOSA*** METALLOPROTEASES INHIBITION REDUCES LUNG DAMAGE IN CYSTIC FIBROSIS**

Bergamini, G.^1^; Stellari, F.^2^; Sandri, A.^5^; Thibodeau, P.H.^4^; Assael, B.M.^3^; Villetti, G.^2^; Melotti, P.^3^; [Sorio, C.]{.ul} ^1^ *1. Department of Medicine, University of Verona, Verona, Italy* *; 2. Corporate Pre‐clinical R&D, Chiesi Farmaceutici S.p.A., Parma, Italy* *; 3. Cystic Fibrosis Center‐AOUI, Verona, Italy* *; 4. Department of Microbiology and Molecular Genetics, University of Pittsburgh, Pittsburgh, PA, USA* *; 5. Department of Diagnostics and Public Health, University of Verona, Verona, Italy*

**Background:** Cystic fibrosis (CF) airways are characterized by both bacterial and immune protease activation, which contributes to subsequent airway remodeling, ultimately leading to bronchiectasis. *Pseudomonas aeruginosa (P. aeruginosa)* is a major pathogen in CF and releases virulence factors, including metalloproteases (MPs), whose synthesis is inhibited by the macrolide azithromycin (AZM).

**Methods:** Metalloprotease activity was measured by zymography assay of bacterial culture supernatant (BCS) from *P. aeruginosa* clinical strains whose pro‐inflammatory activity was evaluated in an in vivo murine model of lung inflammation.

**Results:** 87% of MP‐releasing *P. aeruginosa* strains derived from patients classified as "intermittently infected" (n=45) responded to AZM by decreasing MPs activity. This happened in only 50% of the carriers of a "chronic infection" (n=24).

Growth in the presence of AZM or incubation of BCS with the protease inhibitor GM6001 (galardin, ilomastat) strongly inhibits the pro‐inflammatory response in mice. Knocking out AprA decreases pro‐inflammatory activity of bacterial BCS while addition of purified AprA synergizes with *P. aeruginosa* LPS by increasing leukocyte recruitment. Bacterial MPs are detectable in sputa from *P. aeruginosa*‐colonized CF patients and lung function of chronically colonized patients whose *P. aeruginosa* strains did not respond to AZM in terms of reduction of MP activity had a median value of FEV1% 17% lower than those carrying AZM‐responsive *P. aeruginosa* strains (P=0.04).

**Conclusion:** MPs play a critical role in the clinical manifestations of *P. aeruginosa* infection and their strain‐specific modulation by AZM contributes to explain the variable response of CF patients to this treatment.

Supported by: The Italian Cystic Fibrosis Research Foundation (FFC \#17/2006, FFC \#15/2008, FFC \#07/2012), Lega Italiana Fibrosi Cistica‐Associazione Veneta Lotta contro la Fibrosi Cistica Onlus and American Cystic Fibrosis Foundation (CFF).
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**DEVELOPMENT AND VALIDATION OF A MATHEMATICAL MODEL OF PRIMARY HUMAN BRONCHIAL EPITHELIAL ELECTROPHYSIOLOGY**

Serrano‐Castillo, F.^1^; Bertrand, C.A.^2^; Parker, R.S.^1,3,5^; Markovetz, M.R.^1^; [Corcoran, T.E.]{.ul} ^4,1,3^ *1. Dept. Chemical and Petroleum Engineering, Univ. of Pittsburgh, Pittsburgh, PA, USA* *; 2. Dept. of Pediatrics, Univ. of Pittsburgh, Pittsburgh, PA, USA* *; 3. Dept. of Bioengineering, Univ. of Pittsburgh, Pittsburgh, PA, USA* *; 4. Div. of Pulmonary, Allergy, and Critical Care Medicine, Univ. of Pittsburgh, Pittsburgh, PA, USA* *; 5. Clinical Research, Investigation, and Systems Modeling of Acute Illness (CRISMA) Laboratories, University of Pittsburgh, Pittsburgh, PA, USA*

**Introduction:** Cystic fibrosis (CF) is primordially characterized by the loss of anion secretion at the apical side of the epithelium due to mutations in the *CFTR* gene. CFTR dysfunction affects multiple complex and interactive elements of the airway electrophysiology network that ultimately lead to organ level disease. There exist several experimental techniques that allow for the characterization of the interactions governing such mechanisms. However, they generally lack the ability to provide simultaneous information about the individual dynamics of multiple network elements without the need to significantly perturb the nature of the monolayer. Here we describe the development of an in silico, compartment‐based model that allows for the exploration of these interactive elements, and captures the volume regulation and ion transport under the conditions of an Ussing chamber (UC) experiment.

**Methods:** The model is centered on a cellular compartment interfacing two semi‐infinite source/sinks representing the apical and basolateral fluid volumes in an UC. We generated a system of differential algebraic equations that relate changes in the intracellular electrolyte concentration, membrane potentials and ion movement as functions of time. UC experiments on fully differentiated, primary human bronchial epithelia (HBE) cultures were used to inform the model. Parameters for cellular volume regulation, some ionic fluxes and permeabilities were estimated using nonlinear regression on unperturbed UC short‐circuit current data obtained under isotonic conditions. The remaining model parameters were obtained from previous literature models of human airway electrophysiology (Guilherme JM, et al. Biophys J. 2013;104:716‐26; Cibele V, et al. Biophys J. 2010;98:1476‐85; Novotny JA, Jakobsson E. Am J Physiol. 1996;207:C1751‐63).

**Results:** Model validation was performed by simulating in silico the response of the model to common challenges used in UC experiments (e.g. amiloride, forskolin). The simulated results were compared to actual values obtained under analogous UC experiments. The model predicted the non‐CF (n=5), and CF (n=3) HBE response to amiloride within 9% ± 4% of the UC‐measured amiloride‐sensitive current, while predicting the experimental forskolin‐induced current within 11% ± 6% of the actual, UC‐measured forskolin response.

**Conclusion:** The model recapitulates the experimental results, providing strong support for this novel, mathematically stable, UC model that incorporates both electronic and chemical cellular response. The resulting in silico model, in tandem with UC experiments, highlights the ability of the model to provide insight into the interindividual differences observed between different HBE cultures to different challenges and therapeutics.

Supported by NIH R01 HL108929‐01 and P30 DK72506‐06.
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**INFECTION AND DEPRESSED MUCOCILIARY CLEARANCE IN PEDIATRIC AND ADULT CF PATIENTS**

[Corcoran, T.E.]{.ul} ^1^; Locke, L.W.^1^; Myerburg, M.M.^1^; Weiner, D.J.^2^; Pilewski, J.M.^1^ *1. Department of Medicine, University of Pittsburgh, Pittsburgh, PA, USA* *; 2. Pediatrics, Children\'s Hospital of Pittsburgh, Pittsburgh, PA, USA*

**Introduction:** A recent study by our group demonstrated depressed mucociliary clearance (MCC) in CF patients with previous *Pseudomonas aeruginosa* (PA) infection while PA‐negative subjects had MCC rates similar to healthy controls. Other studies demonstrated increased rates of small molecule probe absorption (ABS) in the lungs of CF patients and in CF human bronchial epithelial cells. Here we compare MCC and ABS in CF subjects with and without recent PA or *Staphylococcus aureus* (SA) infection.

**Methods:** Our dataset included 37 MCC scans from 24 CF subjects, ages 9‐57 collected as baseline measurements from previous studies. Measurements of MCC and ABS were made simultaneously using nuclear imaging after the inhalation of radiolabeled particle and small molecule probes ‐ Technetium‐99 sulfur colloid (Tc‐SC) and Indium‐111‐DTPA (In‐DTPA). MCC is calculated directly from Tc‐SC clearance. ABS is the absorptive component of In‐DTPA clearance which is calculated by subtracting the MCC clearance rate from the total In‐DTPA clearance rate. Measurements were made over 80 min and all subjects inhaled isotonic saline from t=10‐20 min during the measurement. Subjects were grouped based on results of their last sputum or throat culture. The SA group included both MRSA and non‐MRSA.

**Results:** Reported as mean ± SD. MCC and ABS are % cleared over 80 minutes. See Table below. Significant p‐values vs. controls (non‐parametric): MCC, PA+/SA‐ p= 0.03; ABS, PA‐/SA+ = 0.0095, PA+/SA‐ = 0.0004.

**Conclusions:** CF subjects with recent PA infection had MCC rates that were significantly lower than healthy controls while those with no recent infection or recent SA infection had MCC rates similar to healthy controls. CF subjects in all groups except the PA‐/SA‐ group had very significantly increased ABS vs. controls indicating that infection and associated increased permeability may play a role in this outcome. Since PA‐/SA+ subjects were on average younger, we also compared them to a group of PA+/SA‐ children (n=5). MCC was on average much lower in the latter group but the difference was not significant (p=0.22). A clear association between depressed MCC and PA infection is apparent but questions of causation remain.

Funding by NIH 1 R01 HL108929‐01 and 2 P30 DK72506‐06.
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**SIVELESTAT PREVENTS CLEAVAGE OF SHORT PALATE AND NASAL EPITHELIAL CLONE 1 (SPLUNC1) IN CYSTIC FIBROSIS MUCOPURULENT MATERIAL**

[Webster, M.]{.ul}; Walton, W.G.; Redinbo, M.; Ribeiro, C.P.; Tarran, R. *University of North Carolina, Chapel Hill, Carrboro, NC, USA*

With approximately 70,000 sufferers and 8 million carriers, cystic fibrosis (CF) is one of the most common lethal genetic diseases worldwide. Mutations within the cystic fibrosis transmembrane regulator (CFTR) gene result in altered anion (Cl^‐^ and HCO~3~ ^‐^) secretion across airway epithelia. This, in combination with hyperabsorption of Na^+^, via the epithelial sodium channel (ENaC), leads to reduced airway surface liquid (ASL) volume, impaired mucociliary clearance, chronic inflammation and bacterial colonization in cystic fibrosis (CF) airways. Excessive volumes of mucopurulent material (MM) present within CF airways results in airway obstruction and in turn airway obstructive disease, reported to account for up to 8 out of 10 deaths in CF patients. In addition, MM present within CF lungs contains numerous proteases which may abnormally regulate ENaC activation and degrade ASL proteins required for innate defense. We have previously reported that the secreted protein, SPLUNC1, regulates ENaC activity and ASL hydration levels and that SPLUNC1\'s regulation of ENaC is defective in CF airways. (1) Furthermore as past studies have shown that proteases cleave SPLUNC1, we hypothesize that proteases present within CF mucopurulent material can cleave SPLUNC1 and may alter its ability to regulate ENaC. Postmortem MM was harvested from *Pseudomonas aeruginosa‐* and *Staphyloccocus aureus‐*positive CF lungs. SPLUNC1 levels were determined by Western blot following incubation with MM at 37°C, in the presence or absence of protease inhibitors. Significant breakdown of 10 μM SPLUNC1 was observed after incubation with MM diluted 1:2 with PBS (t~1/2~ = 1.17 hours; N = 3). MM was pre‐incubated with protease inhibitors including aprotinin, EDTA, E64 and leupeptinin to determine which enzymes were responsible for SPLUNC1\'s cleavage. These compounds failed to inhibit SPLUNC1 cleavage (all N = 3). Sivelestat, a neutrophil elastase (NE) inhibitor, significantly prevented SPLUNC1 cleavage (10μM \*\*\*\* p \< 0.0001, N = 4). Given that SPLUNC1 regulates ENaC activity and SPLUNC1 is cleaved by MM, the effects of MM and SPLUNC1, alone and in combination, on ENaC protein levels in normal human bronchial epithelial cells (HBECs) were investigated. Proteolytic cleavage of γENaC is indicated from our preliminary data (N = 3), with increased levels of cleaved γENaC subunit expression observed compared with controls. Conversely, decreased γENaC protein levels, consistent with ENaC degradation and reduced ENaC activity, were evident in normal HBECs incubated with SPLUNC1 alone or SPLUNC1 and MM in combination. The effect of SPLUNC1 and MM in CF HBECs remains to be determined. In conclusion, we have shown that MM readily cleaves SPLUNC1, and that cleavage can be prevented by the neutrophil elastase inhibitor sivelestat. Abnormal cleavage of SPLUNC1 in CF MM may impair SPLUNC1\'s ability to regulate innate defense in CF airways.

Funded by NIH R01 HL108927
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*****S. AUREUS*** SPHINGOMYELINASE IS A STATE‐DEPENDENT INHIBITOR OF CFTR**

[Stauffer, B.]{.ul} ^2,1^; Cui, G.^1^; Infield, D.T.^1^; McCarty, N.A.^1^ *1. Pediatrics, Emory University, Atlanta, GA, USA* *; 2. Molecular and Systems Pharmacology, Emory, Altanta, GA, USA*

**Background**: Cystic Fibrosis (CF) is a devastating congenital disease that afflicts ˜70,000 people worldwide and results from loss‐of‐function mutations in the epithelial chloride channel cystic fibrosis transmembrane conductance regulator (CFTR). CF patients commonly present with persistent pulmonary bacterial infections that correspond with worsening of clinical prognosis. Sphingomyelinase (SMase), an enzyme that cleaves the membrane lipid sphingomyelin into phosphocholine and ceramide, is a secreted bacterial virulence factor that has been shown to inhibit CFTR chloride channel function and may contribute to the observed exacerbation of disease by dehydrating airways and facilitating bronchial plugging. The goal of this study is to determine the mechanism by which SMase inhibits CFTR channel activity.

**Results**: Our data indicate that isolates of *S. aureus* collected from the airways of CF patients avidly secrete SMase in vitro. We found that these *S. aureus* isolates caused hot/cold hemolysis when grown on blood agar plates. Conditioned mediate from liquid cultures of the same isolates showed significant SMase activity in a fluorometric, SMase‐specific assay. Additionally, we found evidence that inhibition of CFTR channel activity by *S. aureus* SMase occurs via a novel, state‐dependent process. Inhibition occurs at the plasma membrane and does not rely on the regulatory (R) domain. Patch‐clamp experiments also indicate that inhibition is not membrane delimited which suggests that the effect relies on an intracellular factor. Experiments performed with mutant channels showed that channels with increased activity have a decreased sensitivity to inhibition by SMase; conversely, mutations that decrease channel activity increase sensitivity to inhibition, which suggests that inhibition represents CFTR being locked into a closed state. Finally, we found that Kalydeco pretreatment can protect CFTR from the inhibitory effect of SMase supporting the conclusion that SMase targets a closed state of CFTR.

**Conclusion**: Taken together, these data suggest that *S. aureus* isolated from CF patients avidly secrete SMase, and that inhibition of CFTR in vitro occurs via a novel, state‐dependent mechanism. SMase secretion in the CF lung could limit CFTR‐mediated chloride secretion.

Funding for this project provided by NIH grant 5R01DK075016.
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**COMPUTATIONAL FLUID DYNAMICS REVEALS INCREASED AIRWAY RESISTANCE CORRELATES WITH INFLAMMATION IN INFANTS WITH CYSTIC FIBROSIS**

[DeBoer, E.M.]{.ul} ^1^; Kimbell, J.S.^2^; Ferkol, T.^4^; Hatch, J.^3^; Ramanauskas, F.^5^; Ranganathan, S.^5^; Davis, S.D.^3^ *1. Pediatrics, Children\'s Hospital Colorado/University of Colorado School of Medicine, Aurora, CO, USA* *; 2. Univ of North Carolina, Chapel Hill, NC, USA* *; 3. Indiana Univ. School of Medicine, Indianapolis, IN, USA* *; 4. Washington Univ School of Medicine, St. Louis, MO, USA* *; 5. Royal Children\'s Hosp, Parkville, VIC, Australia*

**Rationale:** Many infants with cystic fibrosis (CF) have structural airway injury and airway obstruction, however these abnormalities are often clinically silent. Developing sensitive tools that detect early but silent disease is imperative. Computational fluid dynamic (CFD) techniques use computer models to measure airflow and airway resistance. CFD modeling in newborn CF pigs demonstrates airflow abnormalities (Awadalla M, et al. Ann Biomed Eng. 2014;42:915‐27) but has not been applied to infant studies. Using preliminary data from a large prospective study, we estimated airflow in infants with CF using CFD techniques. We hypothesized that increased airway resistance would correlate with inflammation in bronchoalveolar lavage fluid (BALF) and airway obstruction measured by infant pulmonary function tests (iPFTs).

**Methods:** Newborn‐screened infants diagnosed with CF had iPFTs through the raised volume technique and BALF obtained at 3.5 and 12 months. Cytology and IL‐8 were measured in BALF. Chest CT scans were obtained at 12 months. Three‐dimensional, conducting airway reconstructions were created from CT scans. Cross‐sectional area of the airways was estimated. CFD simulations of laminar, steady‐state inspiratory airflow at 2.9 L/min estimated both airway resistance (pressure drop (Pa)/flow rate (mL/s)) from the trachea to distal bronchi and lobar airflow.

**Results:** Nine infants (mean age 13.1 months at time of CT scan) had an average of 49 distal airways segmented and modeled using CFD techniques. Mean airway resistance was 0.124 Pa/mL/s (SD = 0.045). Airway resistance was not significantly correlated with height or weight. Resistance was moderately correlated with neutrophil percentage at 3.5‐month BALF (R^2^ = 0.63) but not with the 12‐month BALF measurement. Resistance was mildly correlated with IL‐8 at 3.5‐month BALF (R^2^ = 0.32). Resistance did not significantly correlate with iPFT indices. Resistance was strongly correlated with the proportion of airflow that went to the left and right lungs (R^2^ = 0.91). Airflow was correlated with distal airway cross‐sectional area (R^2^ = 0.76) but not lobar cross‐sectional area.

**Conclusions:** Inflammation in BALF at 3.5 months of age was correlated with airway resistance at 12 months of age. Airway resistance was correlated with alterations in airflow and airway size. This provides further evidence of the powerful early relationship between inflammation and airway injury. The lack of association with inflammation at 12 months suggests that remodeling of airways might be occurring early in life, in association with the inflammation. Further comparisons of these variables in additional subjects are needed. CFD methods are complex and cannot replace iPFTs, but may provide supplementary clinical information during this otherwise silent window.

Supported by the NHLBI R01HL116211. Content is solely the responsibility of the authors and does not represent the official views of the NIH.
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**PATHOPHYSIOLOGY OF THE CFTR GUT‐CORRECTED CYSTIC FIBROSIS PIGS**

[Ballard, S.T.]{.ul} ^1^; Walker, J.^1^; Drag, H.^1^; Schuler, M.^2^; Scammell, J.^2^ *1. Department of Physiology and Cell Biology, University of South Alabama, Mobile, AL, USA* *; 2. Department of Comparative Medicine, University of South Alabama, Mobile, AL, USA*

This study evaluated the pulmonary pathophysiology of the transgenic "gut‐corrected" cystic fibrosis (CF) pigs. Four sows produced 18 piglets of which 11 were stillborn with only 2 animals surviving beyond 2 weeks. Failure to survive beyond the neonatal period by 5 piglets was judged to result from metabolic dysfunction likely related to the genetic manipulation for CFTR gut expression or due to cloning artifact. Plasma analysis of neonatal animals showed very low plasma proteins, highly elevated liver enzymes, and severe acidosis. All surviving offspring received furosemide for systemic edema. One piglet survived to 2 weeks with intensive care and was humanely euthanized due to respiratory distress and generalized, severe edema. At necropsy, findings suggested that the clinical features observed were unrelated to any CF phenotype and were consistent with what was observed in the neonatal animals. Physiologic evaluation was performed with lung tissues from the 2 pigs that survived to 2 months of age. Both acetylcholine‐ and forskolin‐induced mucous liquid secretion were significantly lower in CF bronchi than non‐CF bronchi. The percent nonvolatile solids in mucus secreted from CF bronchi was elevated following acetylcholine or forskolin compared to mucus secreted from non‐CF bronchi. Mucociliary transport in excised tracheas was reduced in the CF tracheas relative to non‐CF tracheas. The diameter of CF tracheas was less than that of non‐CF pigs in spite of their greater body weight. Despite exhibiting severe metabolic dysfunction and very high mortality during the neonatal period, this CF animal model appears to express important characteristics of human CF pulmonary disease. (Supported by the State of Alabama.)
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**OLIGO‐G FACILITATES NEUTROPHIL KILLING OF BACTERIA IN BIOFILMS**

Langlois, J.^1^; Bilodeau, G.^1^; Cloutier, A.^1^; Rye, P.D.^2^; [Cantin, A.M.]{.ul} ^1^ *1. Medicine, Pulmonology Division, University of Sherbrooke, Sherbrooke, QC, Canada* *; 2. AlgiPharma, Oslo, Norway*

Chronic infection of the cystic fibrosis (CF) lung with *Pseudomonas aeruginosa* (PA) is associated with an accelerated decline of lung function. PA bacteria cultured from CF sputum secrete alginate, a major component of biofilms. Biofilms protect bacteria against killing by antibiotics and host defenses. The novel alginate oligomer OligoG CF‐5/20 is a low molecular weight oligosaccharide enriched from sodium alginate polysaccharides. It is an oligomer composed of α‐L‐guluronic acid (G) (\>85%) and β‐D‐mannuronic acid (M) (\<15%). OligoG CF‐5/20 is currently in Phase 2b clinical trials in CF patients. Previous in vitro studies have shown the ability of OligoG CF‐5/20 to disrupt biofilm formation and to potentiate the effects of certain antibiotics. Moreover, these G‐rich oligomers have also been shown to disrupt interactions in complex mucus by reducing cross‐linking within mucus. G subunits preferentially bind calcium, a divalent cation that crosslinks PA alginate polymers, and increases PA biofilm gelation.

**Hypothesis:** We hypothesized that OligoG disrupts alginate crosslinking induced by calcium, and increases the neutrophil\'s capacity to kill PA bacteria grown in biofilms.

**Methods**: A PAO1 overnight culture was diluted to OD~600~=0.05, in trypticase soy broth (TSB), and divided in two separated groups; one with and one without 6% OligoG. Biofilm formation was induced by adding 5μL of PAO1 cultures to 0.22 μm filters with a 22mm diameter that were placed on trypticase soy agar (TSA) in static conditions. Equal volumes of PAO1 were used for the planktonic conditions, 24 h at 37°C in TSA with agitation. Bacteria were opsonized with 10% autologous serum 20 min at 37°C with gentle agitation before adding neutrophils (1.25x10^6^ cells) and then incubated 2h at 37°C with gentle agitation. After incubation, these reactants were diluted in water for 10min at RT for cell lysis, vortexed for 30 sec and serial dilutions were plated on TSA and incubated overnight at 37°C. To determine the effect of OligoG on neutrophil‐mediated bacterial killing, colony‐forming units (CFU) were counted by standard plate‐counting procedure.

**Results**: OligoG at 6% concentration completely reversed the calcium‐induced gelation of sodium alginate, and changed the biofilm colonies from a green‐brown to turquoise color, suggesting that OligoG markedly alters biofilms. As expected, neutrophils readily killed PAO1 bacteria grown in planktonic conditions within 2 h (killing index = 71.2±6.4%, n = 4, p\< 0.001 compared to no neutrophils) and the index decreased with the addition of OligoG (killing index = 31.3±7.8%, n = 4, p \<0.01). In contrast, neutrophil killing of PAO1 grown in biofilms was decreased (56.0±8.5%, n=4) with respect to that observed with planktonic bacteria, and the addition of 6% OligoG to the PA grown in biofilms significantly increased neutrophil killing of bacteria (killing index = 79.2±9.0%, n = 4, p =0.03).

**Conclusions**: We conclude that OligoG affects bacterial biofilms, markedly disrupts calcium‐dependent alginate gelation and increases the efficacy of neutrophil‐mediated killing of PA bacteria grown in biofilms.

Supported by a grant in aid of research from the Cystic Fibrosis Foundation ‐ CFFT award \#CANTIN14A0.
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**FLAGELLIN INDUCES A HYPERSECRETORY PHENOTYPE IN PRIMARY HUMAN BRONCHIAL EPITHELIAL CELLS**

[Danahay, H.]{.ul} ^1,2^; Hafford‐Tear, N.^2^; Smrekar, K.^2^; Fox, R.^2^; Gosling, M.^1,2^ *1. Biology, Enterprise Therapeutics, Brighton, United Kingdom* *; 2. Sussex Drug Discovery Centre, University of Sussex, Brighton, United Kingdom*

The TLR5‐agonist flagellin (FLG) is the key protein component of bacterial flagella expressed by a number of organisms including *Pseudomonas aeruginosa*. The pro‐inflammatory activity of bacterial FLG has been well documented in leukocytes although the effects on airway epithelial function are less clear. The acute addition of FLG to murine trachea ex‐vivo has been demonstrated to inhibit Na^+^ transport (Kunzelmann K, et al. FASEB J. 2006;20:545‐6) although effects on the human tissue have not been examined. The aim of the present study was to test the hypothesis that the prolonged exposure of primary cultures of human bronchial epithelial cells (HBEC) at air‐liquid interface to FLG would modify both the structure and function of the tissue. These conditions might be reasonably expected to model aspects of the environment of the chronically colonised human lung and in particular regions adjacent to infected mucus plugs.

Concentration‐response studies in 4 CF and 3 non‐CF HBEC donors demonstrated a FLG‐induced reduction in trans‐epithelial resistance (R~T~). Concentrations of FLG as low as 12 ng/mL significantly attenuated R~T~ when cultures were treated for the initial 14 days at air‐liquid interface. Associated with the reduction in R~T~ was a concentration‐dependent increase in MUC5AC+ goblet cells in all donors studied.

The ion transport properties of FLG‐treated HBEC were then studied. In non‐CF HBEC there was an increase in both the amiloride‐sensitive short circuit current (ISC) of 1.7‐fold and a \>3‐fold increase in the forskolin‐stimulated, Inh172‐sensitive ISC. The UTP‐stimulated anion‐secretory ISC response was also increased by approximately 10‐fold. In CF‐HBEC, effects of FLG pretreatment on the amiloride‐sensitive ISC were more variable and there was no enhancement of the small response to forskolin. However, the enhanced response to UTP was still observed in the CF‐HBEC.

Together these data would support a model whereby in the healthy airway epithelium, FLG drives an increase in the mucin load that is paralleled by an increased capacity to secrete fluid. In the non‐CF epithelium this is mediated through both cAMP (CFTR) and Ca^2+^ (TMEM16A) regulated anion conductances. This homeostatic mechanism has likely developed to ensure appropriate hydration of the mucus gel and therefore enable mucus and pathogen clearance. A similar FLG‐driven goblet cell phenotype in the CF airway may further imbalance the mucin‐fluid load in the absence of CFTR function, predisposing to mucus plugging, a failure to clear the plugs and further contributing to chronic colonisation of the lung.
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**INCREASED ADAM‐17 ACTIVITY IN NEUTROPHILS FROM PATIENTS WITH CYSTIC FIBROSIS IS CORRECTED BY POTENTIATOR THERAPY**

[White, M.]{.ul} ^1^; Flannery, R.^1,2^; Hawkins, P.^1^; McElvaney, N.G.^1^; Reeves, E.^1^ *1. Department of Medicine, Royal College of Surgeons Ireland, Dublin, Ireland* *; 2. Colaiste Dhulaigh College of Further Education, Dublin, Ireland*

**Rationale:** Cystic fibrosis (CF) is an autosomal recessive inherited disorder characterised by sustained neutrophil recruitment and neutrophil‐dominated infiltration. Plasma membrane metalloproteinases ADAM‐10 and ADAM‐17 are involved in the cleavage of pro‐inflammatory membrane (m) bound cytokine mTNF‐α and receptor mIL‐6r further augmenting inflammation. Cholesterol, a major structural component of membranes, influences membrane stability and the activity of proteins that reside there. We have previously demonstrated that neutrophil plasma membrane cholesterol was reduced in CF. Therefore the aim of this study was to investigate the effect of reduced neutrophil plasma membrane cholesterol content on the activity of ADAM‐17 in adults with CF. More specifically, our objective was to investigate the circulating levels of TNF‐α soluble receptor TNFR1 and sIL‐6r, and to determine whether ivacaftor therapy mediates a reduction in ADAM‐17 activity, indirectly reducing inflammation.

**Methods:** Peripheral blood neutrophils and plasma were isolated from healthy control (HC) donors and patients with CF (PWCF) either homozygous for the ΔF508 mutation or heterozygous for the G551D mutation pre‐ and post‐ivacaftor therapy. ELISA was employed to quantify plasma levels of pro‐inflammatory mediators IL‐6, sIL‐6r, and TNFR1. ADAM‐17 activity was determined fluorometrically. Flow cytometry investigated the levels of membrane‐bound IL‐6r. Ethical approval was obtained from Beaumont Hospital Ethics Committee. Student\'s *t* test was used to determine significance.

**Results:** HC neutrophils exposed to the cholesterol‐depleting drug methyl beta cyclodextrin (1mM MβCD) demonstrated increased ADAM‐17 activity (n=4, p=0.0001) resulting in reduced membrane bound IL‐6r (n=4, p=0.0005), and increased sIL‐6r (n=4, p=0.03). Furthermore, neutrophils isolated from PWCF have reduced plasma membrane cholesterol (n=8, p=0.007) resulting in increased ADAM‐17 activity (n=4, p=0.01), and decreased membrane‐bound IL‐6r (n=3, p=0.02). Elevated circulating levels of IL‐6 (n=6, p=0.04), sIL‐6r (n=6, p=0.01), a complex of IL‐6 bound to sIL‐6r (n=6, p=0.03) and TNFR1 (n=13, p=0.008) were found in the plasma of PWCF. Neutrophils isolated from patients receiving ivacaftor therapy had increased plasma membrane cholesterol (n=4, p=0.02) and reduced ADAM‐17 activity resulting in increased membrane‐bound IL‐6r. Furthermore, ivacaftor therapy decreased the circulating plasma levels of IL‐6 (n=6, p=0.02), sIL‐6r (n=6, p=0.04) and TNFR1 (n=4, p=0.01).

**Conclusions:** Our novel findings indicate that blood neutrophils provide a source of pro‐inflammatory mediators, by increasing circulating levels of sIL‐6r and TNF‐α. In addition, we have demonstrated that ivacaftor therapy indirectly reduces ADAM‐17 activity thereby reducing the inflammatory burden. In conclusion, this study further emphasises the role of neutrophils in augmenting the inflammatory environment in PWCF, and identifies a new anti‐inflammatory role for ivacaftor therapy in the treatment of CF.

This study was funded by SFI, grant number 11/RFP/BMT/3094.
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**ROLE OF CHITINASE 3‐LIKE 1 IN CYSTIC FIBROSIS AIRWAY EPITHELIUM**

[Mulenos, A.]{.ul}; Sun, Y.; Clark, B.; D\'Amico, B.; Britto, C.; Bruscia, E.M.; Egan, M.E.; Koff, J. *Yale University, New Haven, CT, USA*

**Rationale:** Chitinase 3‐like 1 (Chi3L1) is a chitinase‐like protein that is a member of the glycosyl hydrolase 18 (GH18) family of proteins that have been identified as important regulators of inflammation, repair, and host defense. Chi3L1 is elevated in cystic fibrosis (CF) sputum and serum, and Chi3L1 has been linked to infection and inflammation in CF. However, the mechanisms for Chi3L1 to contribute to the pathobiology of CF are not known. Here, we investigated the function of Chi3L1 in CF airway epithelium.

**Methods:** A genetic approach to target Chi3L1 in F508del homozygous (CF) mice was used. CF mice were bred with Chi3L1 knock‐out (KO) mice to generate CFxChi3L1 KO mice. To study Chi3L1 in epithelial cells, primary mouse tracheal epithelial cells (pMTECs) were cultured at air‐liquid interface and stimulated with *Pseudomonas aeruginosa* lipopolysaccharide (PA LPS). After stimulation with serum‐free medium or 1 mg/mL PA LPS, cytokines and chemokines were measured in cell culture supernatants.

**Results:** The concentrations of Chi3L1 in BAL from the lungs of CF and WT mice were similar. However in pMTECs, upon stimulation with PA LPS, Chi3L1 protein concentration increased significantly in CF mice compared to WT. To evaluate the role of Chi3L1 in pMTECs, cytokines and chemokines were measured in response to PA LPS. Here, we found that CFxChi3L1 KO pMTECs had decreased airway epithelial production of IL‐13, IL‐17, TNF‐α, and IL‐1β when compared to CF pMTECs. However, these experiments also showed that KC (CXCL1 homologue), IL‐6, and MCP‐1 (CCL2) were each increased in CFxChi3L1 KO compared to CF pMTECs. To further investigate the CHi3L1 signaling mechanisms, a Chi3L1 receptor, IL‐13 receptor alpha 2 (IL‐13Rα2), was investigated. We found that IL‐13Rα2 is expressed in CF pMTECs, but is decreased in response to PA LPS. In addition, there is decreased IL‐13Rα2 expression in CF lung compared to WT. More recently, another Chi3L1 receptor has been described. Chemoattractant receptor homologous molecule expressed on Th2 cells (CRTH2), which despite its name, is expressed on airway epithelial cells. In preliminary experiments, we find CRTH2 to have increased expression in CF mice compared to WT, and ongoing experiments are underway to evaluate the expression of CRTH2 in CF pMTECs.

**Conclusions:** Because of the diverse role for Chi3L1 in host tolerance, we completed experiments to investigate the role of Chi3L1 in CF airway inflammation. While there was no difference in Chi3L1 between CF and WT mice, the addition of PA LPS increased Chi3L1 significantly. Using CFxChi3L1 KO mice, we show that Chi3L1 contributes to a balance between inflammatory cytokines where some are increased, and others decreased in response to this molecule. The role of individual Chi3L1 receptors to mediate different inflammatory effects is being explored. In addition, the possibility that receptor expression is cell‐type specific is being investigated. These experiments may provide a mechanism to target Chi3L1 as a potential anti‐inflammatory therapeutic in CF.
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**ALTERED AIRWAY MACROPHAGE PHENOTYPE AND FUNCTION IN MICE WITH CF‐LIKE LUNG DISEASE**

[Goritzka, M.]{.ul}; Schatterny, J.; Mall, M.A. *Translational Pneumology, Translational Lung Research Center Heidelberg, Heidelberg, Germany*

**Background:** Airway macrophages are important contributors to lung homeostasis through the clearance of surfactants, apoptotic cells and cell debris. Positioned at the interface of host tissue and environment they mediate key responses to inhaled pathogens, through the release of various cytokines. Airway macrophages show a remarkable plasticity with phenotype and function being tightly regulated by the airway microenvironment. In a recent study, we demonstrated that impaired mucus clearance in *Scnn1b*‐Tg mice with CF‐like lung disease is associated with i) morphological macrophage activation, ii) expression of signatures of alternative macrophage activation, and iii) macrophage elastase (MMP12)‐dependent structural damage (Trojanek JB, et al. Am J Respir Cell Mol Biol. 2014; 51:709‐20). However, the functional role and phenotype of airway macrophages in CF‐like lung disease needs further investigation.

**Objective:** The aim of this study was to characterize the phenotypes of airway macrophages isolated from lungs of *Scnn1b*‐Tg mice and wild‐type (wt) controls, and to compare responses to stimulation with lipopolysaccharide (LPS) from *Pseudomonas aeruginosa* ex vivo.

**Methods:** To achieve this goal, primary airway macrophages from *Scnn1b*‐Tg mice and wt controls were isolated by bronchoalveolar lavage (BAL). Macrophage cultures were exposed to lipopolysaccharide (LPS; 100 ng/ml) or medium alone, supernatants and cells were collected 6, 12 and 24 hours posttreatment and expression of macrophage signatures and proinflammatory mediators were determined.

**Results:** Isolated airway macrophages from *Scnn1b*‐Tg mice showed significantly increased baseline expression of genes associated with alternative activation, such as arginase 1 (P\<0.001; for all wt vs. *Scnn1b*‐Tg) and the chemokines CCL17 (P\<0.001) and CCL22 (P\<0.001) compared to wild‐type controls. Upon treatment of airway macrophages with LPS, key genes involved in proinflammatory and antibacterial responses were upregulated in both *Scnn1b*‐Tg and wt macrophages. However, expression levels of LPS‐induced proinflammatory mediators, like IL‐1β (P\<0.01), IL‐6 (P\<0.05), IL‐12 (P\<0.001), MMP12 (P\<0.001) and NOS2 (P\<0.01) were significantly enhanced in airway macrophages isolated from *Scnn1b*‐Tg mice compared to wt controls.

**Conclusions:** Our findings indicate that a mucostatic airway environment triggers polarization of airway macrophages toward alternative activation at baseline and primes them for augmented cytokine responses when challenged with bacterial‐derived LPS. These results suggest that activated airway macrophages may play an important role in the in vivo pathogenesis of chronic airway inflammation, and that a better understanding of the mechanisms underlying macrophage activation may lead to novel anti‐inflammatory therapies for CF.

Supported by BMBF (82DZL0040A1).
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**THE ENDOSCOPICALLY DIRECTED SINUS POTENTIAL DIFFERENCE ASSAY DETECTS ACQUIRED CFTR DYSFUNCTION IN CHRONIC RHINOSINUSITIS (CRS)**

[Cho, D.]{.ul} ^1^; Skinner, D.^1^; Zhang, S.^1^; Mackey, C.^1^; Solomon, G.M.^2^; Rowe, S.M.^2^; Woodworth, B.A.^1^ *1. Otolaryngology, University of Alabama, Birmingham, AL, USA* *; 2. Medicine, Pediatrics, Cell Developmental and Integrative Biology, University of Alabama at Birmingham, Birmingham, AL, USA*

**Background:** The human nasal potential difference assay is a widely accepted method for measuring CFTR activity in vivo. Because nasal epithelium may not reflect CFTR activity within the sinuses, we developed the endoscopically directed sinus potential difference (EDSPD) assay. Direct targeting of the pathologic epithelium using the endoscope in the EDSPD suggests this technique may be superior to the nasal PD assay as it provides improved capability of measuring in vivo chloride (Cl^‐^) activity at the site of disease. The objective of this study is to evaluate the EDSPD assay as a novel instrument for detecting diminished chloride (Cl^‐^) transport at the site of inflammation in human sinuses.

**Methods:** Patients undergoing sinus surgery were prospectively enrolled. A potential difference catheter was inserted under endoscopic visualization into the maxillary, ethmoid, or frontal sinuses. The abbreviated protocol for detecting CFTR‐mediated Cl^‐^ transport was as follows: Ringer\'s solution (baseline potential difference), Ringer\'s+100 μM amiloride (blockade of epithelial sodium (Na^+^) channels), and Low Cl^‐^ Ringer\'s+10 μM isoproterenol (activation of Cl^‐^ transport). Results were correlated to mucosal grading at the catheter site using visual analog scale (VAS).

**Results:** Twelve patients were included in the study. The EDSPD assay revealed significantly diminished response to amiloride and Cl^‐^ free Ringers+isoproterenol in CRS compared to controls (amiloride ΔPD(mv): Control, 7.68±0.8 *vs*. CRS, 0.19±1.5; p = 0.017; Cl^‐^ free+isoproterenol ΔPD(mv): Control, ‐11.9±1.9 *vs*. CRS, ‐2.87±1.1; p = 0.02). Robust baseline potential difference indicated the presence of epithelial integrity and preserved tight junctions. There was a moderate but significant negative correlation between amiloride response and sinus mucosa grading system (r = ‐0.69, 95% CI: ‐2.55 to ‐0.38, *p* = 0.01) indicating higher VAS mucosal grades correlate to diminished Na^+^ channel function or transport. The sinus mucosa grade also demonstrated a strong and significant positive correlation with maximal stimulation of Cl^‐^ transport (Cl^‐^ free + isoproterenol) (r = 0.75, 95% CI:0.51 to 2.26, *p* \< 0.005). A positive correlation indicates *higher* mucosal grade (when endoscopic finding is worse) is associated with a *decreased* ability to secrete Cl^‐^ through the epithelium.

**Conclusion:** The markedly diminished Cl^‐^ secretion (and Na^+^ absorption) across in vivo sinus epithelium in human subjects with CRS with significant inflammation as measured by the EDSPD assay suggests acquired CFTR (and ENaC) dysfunction in the mucosal site of inflammation in CRS. Compared to the nasal cavity, the sinuses provide an attractive model in PD measurement as they are lined with an epithelium, continuous with and qualitatively similar to the lower respiratory epithelium, including similar ion transport mechanisms and microbiology. These patients may derive therapeutic benefit from Cl^‐^ secretagogues.
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**IMPACT OF MUCUS STASIS IN A PRECLINICAL MODEL OF RHINOSINUSITIS**

[Cho, D.]{.ul} ^1^; Skinner, D.^1^; Zhang, S.^1^; Mackey, C.^1^; Rowe, S.M.^2^; Woodworth, B.A.^1^ *1. Otolaryngology, University of Alabama, Birmingham, AL, USA* *; 2. Medicine, Pediatrics, Cell Developmental and Integrative Biology, University of Alabama at Birmingham, Birmingham, AL, USA*

**Objective:** Chronic rhinosinusitis (CRS) affects nearly 16% of the US population each year with an estimated 13 million yearly physician visits and has an enormous impact on quality of life. Sinusitis is a heterogeneous disease with a universal hallmark involving dysfunctional mucociliary clearance (MCC), reminiscent of cystic fibrosis (CF). The objective of the current study is to investigate the influence of mucus stasis on the transepithelial chloride transport using a preclinical (rabbit) model of rhinosinusitis. Rabbits were chosen because small rodents do not reproduce key aspects of human upper airway physiology and our previous experiments showed that rabbit and human nasal epithelium have similar physiologic features in vitro.

**Methods:** We have created a rabbit model of sinusitis without administrating any bacteria or pathogens. A sterile synthetic sponge was placed in the middle meatus (natural outflow tract of maxillary sinus) of New Zealand white rabbits to block mucociliary flow of the sinus for two weeks. This method (transnasal endoscopic approach) causes no damage to sinus mucosa, is reversible by removing merocel transnasally, and does allow for the assessment of recovery after two weeks of merocel placement. After removal of synthetic sponge, half of the rabbits were assessed for development of acute rhinosinusitis (ARS). The rest of the rabbits were observed for another 12 weeks to see whether the rabbits developed CRS. Histology sectioning, CT images, microbiome analysis, nasal potential difference (NPD) assays, and micro‐optical coherence tomography (μOCT) were performed to characterize the preclinical model of rhinosinusitis.

**Results:** CT demonstrated opacification of left sinuses after 2‐week placement of sterile packing in all rabbits (n = 8), which was seen again on week 12 in rabbits followed (n = 4). In histology, rabbits sectioned on Week 2 showed findings of acute inflammation (mostly neutrophils) with superficial ulceration. On week 12, significant infiltration of plasma cells and lymphocytes were noted with osteitis and hyperplastic changes. Control rabbits had significantly greater mean NPD polarization than rabbits with sinus inflammation (‐28.6 ± 4.03 mV vs. ‐6.14 ± 1.13 mV; p = 0.0039). Microenvironment was markedly different between the two groups: Shannon\'s diversity index was significantly elevated in the sinusitis rabbits compared to controls (6.93 ± 0.18 vs. 1.68 ± 0.64; p\<0.0001). Samples on week 2 were dominated by anaerobic bacteria. Maxillary sinus epithelia from sinusitis rabbits demonstrated significantly lower PCL depth compared to controls (Sinusitis = 3.34 +/‐ 0.38μm vs Control = 4.28 +/‐ 0.41μm, p = 0.0008).

**Conclusions**: After blocking MCC for two weeks, rabbits exhibited features of ARS on week 2 and CRS on week 12. Shifts in sinus bacterial colonization were observed with decreased transepithelial chloride transport in sinusitis rabbits compared to controls. Lower PCL depth may represent CFTR dysfunction in rhinosinusitis. Mucus stasis via blockage sinus ostia may lead to hypoxia and result in substantial changes in the sinus microbiome and CFTR dysfunction in rhinosinusitis.
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**EFFECT OF INHALED CORTICOSTEROID THERAPY WITHDRAWAL ON CF LUNG FUNCTION AND INFLAMMATORY MARKERS**

[Beaty, T.C.]{.ul}; Brown, M.R.; Forrest, O.A.; Ingersoll, S.; Stecenko, A.; Tirouvanziam, R. *Pediatrics, Emory University, Atlanta, GA, USA*

**Background:** CF airway disease is dominated by intense neutrophilic inflammation. This inflammation results in high levels of enzymes such as neutrophilic elastase (NE) and myeloperoxidase which damage the airways and perpetuate inflammation. Inhaled corticosteroids (ICS) are frequently used in an attempt to reduce this inflammation, however there is no evidence of clinical benefit and withdrawal of ICS has been shown to be safe (Balfour‐Lynn IM, et al. Cochrane Database Syst Rev. 2014). Furthermore, some studies have suggested ICS have detrimental effects in CF, such as increasing the prevalence of infection with *Pseudomonas*. Previous work in our lab demonstrated that systemic steroids increase active primary granule exocytosis and subsequent release of NE (Laval J, et al. J Immunol. 2013;190:6043‐50). Based on these prior studies, we hypothesized that ICS withdrawal would result in improved lung function and decreased inflammatory markers.

**Methods:** CF patients 6 years of age or older who had been treated with ICS for 6 consecutive months were eligible for enrollment. Subjects were required to be at baseline health and have an FEV1 of ≥ 40% predicted. Subjects were excluded if they had evidence of asthma, previous failure of ICS withdrawal, or were on oral corticosteroids for any reason. Lung function measurement, blood samples, and induced sputum were obtained prior to and a minimum of 14 days after cessation of ICS. Flow cytometry was used to identify live sputum neutrophils and quantify surface CD63, a marker for primary granule exocytosis. NE activity was measured in the sputum by spectrophotometry.

**Results:** Six patients have enrolled in the study, with four completing both sample collections. We plan to continue enrollment, and will have complete data on the initial six patients by August 2016 for presentation in October 2016. In the four patients who have completed the study so far, FEV1 % predicted has increased from an average of 86% to 92% since ICS withdrawal. Average acute pulmonary exacerbation incidence has decreased from 2.12 to 1.75 per year. Complete clinical data and experimental results of airway neutrophil function and NE activity will be reported on the six patients to be completed by August.

**Discussion:** This prospective trial of ICS withdrawal in CF will help better understand the relationship between airway neutrophil function, NE activity, and lung function in CF, both at baseline and under the influence of steroidal anti‐inflammatories, and may provide information on targets for better, more specific, anti‐inflammatory treatments for CF airway disease.

Funding for this study was provided by the Cystic Fibrosis Foundation (TB), the Children\'s Healthcare of Atlanta Friends Fund (TB, AS, RT) and the Emory+Children\'s Center for CF Research (Startup fund, RT).
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**UNTARGETED METABOLOMICS OF CF INFANT BALF IDENTIFIES SIGNATURES ASSOCIATED WITH EARLY AIRWAY DISEASE BASED ON PRAGMA CT SCORING**

[Chandler, J.D.]{.ul} ^1^; Horati, H.^2,3^; Scholte, B.J.^2,3^; Jones, D.P.^1^; Peng, L.^4^; Gaggar, A.^5^; Janssens, H.^3^; Tirouvanziam, R.^6^ *1. Pulmonary, Allergy and Critical Care Medicine, Emory University, Atlanta, GA, USA* *; 2. Cell Biology, Erasmus Medical Center, Rotterdam, Netherlands* *; 3. Pediatric Pulmonology, Erasmus Medical Center/Sophia Children\'s Hospital, Rotterdam, Netherlands* *; 4. Biostatistics, Emory University, Atlanta, GA, USA* *; 5. Pulmonary, Allergy and Critical Care Medicine, University of Alabama, Birmingham, AL, USA* *; 6. Center for CF and Airways Disease Research, Department of Pediatrics, Emory University, Atlanta, GA, USA*

**Background:** Mutations of the *CFTR* gene result in lung disease shortly after birth. However, the precise mechanisms of pathogenesis in CF infants and evolution to chronic lung disease remain unclear. Altered airway fluid composition is a hallmark of CF, and discerning pathological changes in metabolic components of this fluid in infancy may be key to preventing adult disease.

**Methods:** We employed targeted (Biocrates p180 IDKit) and untargeted (QExactive LC‐MS, Thermo) metabolomics of bronchoalveolar lavage fluid (BALF) from CF infants (n=13; aged 34±8 months; 92% with \>1 copy of F508del, and 46% F508del homozygous) as well as acute respiratory distress syndrome (ARDS) patients (n=5) and healthy controls (HC; n=5). Chest computed tomography (CT) scans of CF infants were also scored according to the PRAGMA method, a sensitive measure of early lung disease, discriminating bronchiectasis, air trapping and mucus plugging.

**Results:** CF metabolic profile was markedly different from both HC and ARDS, and clear differences between ARDS and HC were also observed. In CF‐infant BALF, targeted metabolomics revealed increased hydroxyproline, putrescine and spermidine compared to controls (all p\<0.05), likely reflecting increased proteolysis (hydroxyproline) and arginase activity (putrescine, spermidine) from neutrophil activation in early CF lung disease. Using untargeted metabolomics, we also identified 8,343 unique *m/z* features in the same CF BALFs. 349 of these significantly differed from HC at a 1% false‐discovery rate threshold, with 8% matching known metabolites including hydroxyproline. Untargeted analysis quantification of hydroxyproline significantly associated with targeted data quantification (r^2^=0.72, p\<0.0001), suggesting good agreement between the methods. Finally, we tested associations of metabolomics data with PRAGMA CT scores in CF infants using a partial least squares method to identify biomarkers and make mechanistic inferences regarding early CF lung disease development. In total, 6 targeted metabolites and 273 untargeted *m/z* features associated with PRAGMA CT scores with high model importance (i.e., variable importance projection \>2). Among these, known matches to metabolites associated with glutathione oxidation (glutathione sulfonamide and cysteinyl glutathione) and phospholipid metabolism were present.

**Conclusion:** Metabolomics readily discriminated infant CF from non‐CF controls and identified novel factors associated with lung disease severity. These newly identified candidates may be validated as biomarkers and/or lead to mechanistic targets for intervention strategies to arrest disease progression.

**Acknowledgments:** Support for this study was provided by CFF CHANDL16F0 (JDC), NIH R01ES023485 (DPJ), and NIH R01HL126603 (HH, BJS, LP, HMJ, RT).
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*****PSEUDOMONAS AERUGINOSA*** ISOLATES FROM PATIENTS WITH CYSTIC FIBROSIS INHIBIT PPARγ EXPRESSION IN MACROPHAGES AND EPITHELIAL CELLS**

[Bedi, B.]{.ul} ^2,1^; Yuan, Z.^1,2^; Varga, J.J.^4^; Wei, J.W.^3,4^; Goldberg, J.B.^4^; Stecenko, A.^4^; Sadikot, R.T.^1,2^ *1. Pulmonary, Allergy and Critical Care and Sleep Medicine, Emory University, Atlanta, GA, USA* *; 2. Pulmonary, Atlanta VAMC, Decatur, GA, USA* *; 3. Pulmonary, Allergy and Immunology, Cystic Fibrosis and Sleep, Emory University, Atlanta, GA, USA* *; 4. Pediatrics, Cystic Fibrosis, Emory University, Atlanta, GA, USA*

Chronic pulmonary infections continue to be the predominant cause of morbidity in patients with cystic fibrosis (CF). Emerging multidrug and totally drug‐resistant strains of *P. aeruginosa* are an increasing threat in these patients. Hence there is an urgent need to develop new strategies to combat *P. aeruginosa* infections. The pathogenic profile of *P. aeruginosa* is related to its ability to secrete a variety of virulence factors and promote biofilm formation. Strategies that strengthen the ability of the host to inhibit virulence factors would allow for enhanced bacterial clearance and could be employed in the treatment of resistant infections. Recently, we have shown that the laboratory strain of *P. aeruginosa* (PAO1) inhibits expression of PPARγ in macrophages.

Here we investigated the effects CF isolates of *P. aeruginosa* (mucoid and nonmucoid) have on PPARγ and its dependent genes in macrophages and epithelial cells.

Human moncocyte‐derived macrophages and epithelial cells treated with CFBR 573 and 450 (nonmucoid), CFBR 388 and 309 (mucoid) *P. aeruginosa* (MOI of 1) showed significantly reduced expression of PPARγ message and protein in a time‐dependent manner. Furthermore PPARγ‐dependent genes, CD36 (a scavenger receptor) and Paraoxanase‐2 (PON‐2), an enzyme that possesses lactonase activity and which enhances the hydrolysis of quorum‐sensing molecules, were also inhibited by these isolates. Pioglitazone, a PPARγ ligand at 10μM enhanced clearance of *P. aeruginosa* from macrophages infected with *P. aeruginosa*. Mechanistically, we show that PPARγ agonists induce paraoxonase 2 (PON‐2) and CD36 to enhance bacterial clearance.

Together these data show that CF isolates of *P. aeruginosa* inhibit expression of PPARγ in host cells, suggesting a mechanism by which bacteria evade host defenses. By downregulation of PPARγ and its dependent genes these pathogens compromise phagocytosis and enhance virulence. Our studies suggest a role for PPARγ immunotherapy for *P. aeruginosa* infections in patients with CF.
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**IMPAIRED ANTIVIRAL ACTIVITY AND INCREASED CATHEPSIN ACTIVITY IN AIRWAY SECRETIONS FROM NEWBORN CF PIGS**

[Bartlett, J.A.]{.ul} ^1^; Berkebile, A.^1^; Rogan, M.P.^2,3^; Weldon, S.^4^; Abou Alaiwa, M.H.^2^; Welsh, M.^2,5,6^; Taggart, C.^4^; McCray, P.^1^ *1. Pediatrics, University of Iowa, Iowa City, IA, USA* *; 2. Internal Medicine, University of Iowa, Iowa City, IA, USA* *; 3. University Hospital Waterford, Waterford, Ireland* *; 4. Centre for Experimental Medicine, School of Medicine, Dentistry and Biomedical Sciences, Queen\'s University Belfast, Belfast, United Kingdom* *; 5. Molecular Physiology and Biophysics, University of Iowa, Iowa City, IA, USA* *; 6. Howard Hughes Medical Institute, Iowa City, IA, USA*

Epidemiological studies suggest that antiviral host defenses may be compromised in people with cystic fibrosis (CF), as patients exhibit prolonged recovery times and frequent hospitalizations in association with viral respiratory infections. In vitro studies implicate impaired antiviral responses in airway epithelia as a feature of this phenotype. The airways are home to multilayered antiviral host defenses, which may be cell‐based or extracellular. Compared with non‐CF cells, CF airway epithelia support greater levels of viral infection and replication when infected with several classes of respiratory viruses, and exhibit dysregulated expression of several gene products involved in host defense. In this study, we hypothesized that airway surface liquid exhibits direct antiviral activity and, further, that the antiviral activity of respiratory secretions is reduced in CF. To test these hypotheses, we developed an in vitro assay to measure the innate antiviral activity present in native airway secretions from CF and non‐CF pigs. We found that cell‐free tracheal and nasal secretions from newborn non‐CF pigs exhibited dose‐dependent inhibitory activity against several enveloped and encapsidated viruses including Sendai virus (SeV), respiratory syncytial virus (RSV), influenza, and adenovirus. This activity, which was heat labile, was also detected in human nasal secretions. Importantly, we found that the anti‐SeV activity of nasal secretions from newborn CF pigs was significantly diminished relative to non‐CF littermate controls. When we mixed CF and non‐CF secretions at varying ratios, we observed a correlation between the amount of non‐CF secretions and anti‐SeV activity, suggesting the possibility of reduced abundance or function of antiviral factors in CF secretions. Based on previous reports that cathepsin activity is elevated in CF airway fluids from human subjects, we measured cysteine protease activity in newborn CF and non‐CF pig secretions. We found increased cathepsin B, L, and S‐like activity in BAL from newborn CF pigs, relative to non‐CF littermates; similarly, we observed a trend toward increased cathepsin B activity in newborn CF nasal secretions. We observed that the anti‐SeV activity of the pig antimicrobial peptide protegrin‐1 was abolished by pre‐treatment with cathepsin B, suggesting that increased cathepsin activity may negatively influence the activity of secreted antiviral factors. Our data indicate that native airway secretions exhibit inhibitory activity against viruses, and that, at birth, the antiviral capacity of CF airway secretions is diminished relative to non‐CF. Future studies will investigate the possible contributions of secreted proteases to this phenomenon, as well as the overall impact of loss of CFTR function on cellular and extracellular antiviral defenses on the onset and progression of CF lung disease.
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**ACTIVATION OF CF MACROPHAGES IS DYSREGULATED**

[Levy, E.J.]{.ul}; Barone, C.; Bruscia, E.M.; Egan, M.E. *Pediatrics, Yale School of Medicine, New Haven, CT, USA*

**Background:** Recently it has been suggested that the innate immune response is dysregulated in CF. The innate immune system is responsible for activating host defenses as well as initiating tissue repair, thus it is essential for maintaining tissue homeostasis. The macrophage, a key player of the innate immune system, continuously surveys the extracellular environment and adopts distinct characteristics via activation by specific immune signals (polarization). This process of activation allows the macrophage to respond and function appropriately to preserve tissue homeostasis. In vitro the macrophage can be differentiated into two major phenotypes: M1 (LPS+INF‐gamma) which is essential for the pro‐inflammatory response and M2 (IL‐4) which is essential for tissue repair.

**Hypothesis:** We hypothesize that intrinsic defects in CF macrophages affect their ability to adequately respond to extracellular stimuli, affecting their phenotypic response and contributing to a state of hyperinflammation.

**Methods:** Peripheral blood‐derived monocytes from healthy donors (HD) (n=7) as well as CF subjects (n=7) were differentiated into macrophages using RPMI media with 50 ng/mL of MCSF for 10 days. Cells were treated for 24 hours with 100 ng/mL of LPS plus 20 ng/mL of INF‐gamma to activate the M1 phenotype or 20 ng/mL of IL‐4 to activate the M2 phenotype. RNA was isolated and reverse transcribed to cDNA. Q‐RT‐PCR was performed using IL‐6, IL‐1B, and TNF‐alpha primers as M1 markers and TGF‐B1, MRC, PPAR‐gamma as M2 markers. In total, seven experiments were performed, each using a different set of HD and CF subjects, utilizing 8.0 x 10^5^ to 1.0 x 10^6^ cells per well.

**Results:** As expected, HD macrophages (n=7, experiments) demonstrated appropriate plasticity and polarization with increased expression of M1 markers and decreased expression of M2 markers in response to LPS/INF‐gamma. Furthermore, they demonstrated modestly increased expression of M2 markers and decreased expression of M1 markers in response to IL‐4. In marked contrast, when stimulated with LPS/INF‐gamma CF macrophages (n=7, experiments) demonstrated hyper‐inflammation with dramatically increased expression levels of M1 markers as well as aberrant polarization as evidenced by increased expression levels of some M2 makers. Aberrant polarization was further characterized by increased expression of M1 markers in the presence of IL‐4 in addition to increased expression of M2 markers.

**Conclusions:** These data suggest that lack of functioning CFTR in macrophages leads to the inability of macrophages to adequately respond to environmental cues and activate into appropriate phenotypes suggesting there is an intrinsic cellular defect. Moreover, the mechanism(s) that underlie these aberrant responses likely involve(s) altered intracellular signal transduction which is currently under investigation.

**Future Considerations:** We will interrogate the STAT1 and STAT6 pathways as well as the role of insulin‐like growth factor 1 in macrophage activation.

**Supported by:** NIH and CFF.
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**NASAL CELL BRUSHINGS FOR STUDIES OF EPITHELIAL ELECTROLYTE TRANSPORT AND PHARMACOLOGICAL RESPONSES**

[Bridges, R.J.]{.ul} ^1^; Cheng, Y.^1^; Patel, A.^1^; Watts, K.D.^2^; Jain, M.^3^; Nichols, D.^4^; Bradbury, N.A.^1^ *1. Physiology and Biophysics, Chicago Medical School, North Chicago, IL, USA* *; 2. Pediatric Pulmonary Medicine, Advocate Children\'s Hospital, Park Ridge, IL, USA* *; 3. Adult CF Center, Feinberg School of Medicine, Chicago, IL, USA* *; 4. Pediatric Pulmonology, National Jewish Health, Denver, CO, USA*

A series of elegant studies by Yankaskas, Knowles, Boucher and colleagues in the 1980s using nasal cells derived from nasal polyps established the utility of nasal airway cells for studies on electrolyte transport from both non‐CF and CF donors. The results of these pioneering studies established the high rate of sodium transport and lack of chloride secretion to cAMP agonists in CF‐derived nasal cells compared to non‐CF cells. The studies reported here were designed to establish in vitro diagnostic methods to determine the responsiveness of CF nasal epithelial cells derived from nasal brush biopsies. The nasal epithelium expresses an abundant amount of CFTR protein and compared to other potential tissue sources minimally invasive procedures can be used to procure nasal epithelial cell samples from patients.

**Methods:** Working in collaboration with physicians we acquired nasal epithelial cells by brush biopsy from non‐CF and CF donors. Nasal cells (1 x 10^6^) were expanded to 250 x 10^6^ in vitro using recently published methods for the growth and expansion of primary cells. The primary nasal epithelial cells were differentiated on permeable supports for electrophysiological studies using methods already established and in routine use in the Bridges lab. The efficacy of Kalydeco and other experimental drugs with known efficacy on CFTR was evaluated.

**Results:** To date 100 donors have been enrolled in this study: 12 non‐CF and 88 CF donors. Nasal cells from 5 non‐CF and 7 CF donors have been successfully expanded and grown on permeable supports. Both non‐CF and CF cells were well differentiated as evidenced by abundant ciliated cells and mucus secreting goblet cells. The baseline electrolyte transport phenotypes were as expected; non‐CF cells displayed low sodium transport and a chloride secretory response to cAMP agonists; CF cells displayed a high sodium transport and no secretory response to cAMP agonists. Chloride secretion was unaltered by the CFTR correctors VX‐809 or C18 or the potentiator Kalydeco in non‐CF cells. In contrast chloride secretion was improved by overnight treatment with VX‐809 and C18 and further potentiated by Kalydeco in CF cells.

**Conclusions:** Our preliminary results document the feasibility of harvesting nasal epithelial cells, expanding the cells and growing the cells for electrophysiology and pharmacological studies. Baseline electrolyte transport phenotypes as well as the responses to known CFTR modulators demonstrate the utility of nasal cells as a resource for CF drug discovery. The outcome of the preliminary studies can be considered highly successful. The methods and protocols we have developed will allow for the testing of newly approved drugs on small numbers of patients with rare mutations who would otherwise be excluded from clinical trials. Moreover we anticipate nasal cells will be used to assist in the stratification of patient populations for clinical trials and thereby accelerate the approval of drugs for the treatment of CF.

Supported by CFF.
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**CHANGES IN LIPID RAFT PROTEOME UPON TNF‐α STIMULATION OF CYSTIC FIBROSIS CELLS**

[Pranke, I.]{.ul} ^1^; Chhuon, C.^2^; Borot, F.^1^; Colas, J.^1^; Vieu, D.^1^; Tondelier, D.^1^; Lipecka, J.^2^; Brouillard, F.^1^; Guerrera, C.^2^ *1. Institut Necker Enfants Malades ‐ INSERM U1151, Paris, France* *; 2. Plateau Protéomes Necker, Paris, France*

**Introduction:** Chronic airway inflammation and impaired inflammatory response to infection are among the main manifestations of CF. Although several mechanisms linking abnormal ion secretion and inflammatory dysregulation have been suggested, the link between CFTR function and altered inflammatory response needs to be better understood. Lipid raft microdomains (LRM) are specialized regions of the plasma membrane with a particular lipid and protein composition. We and others have shown that CFTR in LRM is a critical modulator of the inflammatory and the immune responses. In the present work, we investigated if the F508del CFTR mutant modifies the proteome of LRM in proinflammatory conditions.

**Methods:** HeLa cells stably transfected with either wild‐type or F508del‐CFTR were grown in DMEM with Lys6/Arg6 or Lys0/Arg0 and incubated for 10min with 100U/mL of TNF‐α. Cells were lysed with 1% Triton X‐100 for 1h at 4°C. Cell lysates with equal amounts of proteins were centrifuged in a sucrose density gradient for 3h at 166,000g at 4°C to purify LRM. LRM were trypsin‐digested, and peptides analyzed by nano‐RSLC LTQ‐Orbitrap velos MS in a 40min gradient. Proteins were quantified by a SILAC approach using MaxQuant and statistical analysis was performed with Perseus.

Immunocytochemistry and confocal microscopy were performed on the same HeLa cells and bronchial epithelial CFBE cells issued from a F508del homozygous patient and immortalized by D. Gruenert. CFTR immunodetection was performed with IgG‐clone 24‐1 diluted 1/200, GRPC5A immunolocalization with IgG 306‐320 diluted 1/100 and cholera toxin subunit B cell staining at a concentration of 0.5μg/mL.

**Preliminary data:** In order to discriminate between changes in recruitment in lipid rafts and changes of global expression of the proteins, we analyzed the total proteome to unveil proteins that are constitutively differentially expressed between the WT and F508del‐CFTR cells. In the total cell, 1381 proteins were identified and quantified. In parallel, we analyzed the LRM fraction to identify proteins that are differentially recruited in the lipid rafts. In the LRM fraction we could identify and quantify 332 proteins, of which 66 could be identified only in LRM. Among the 332 proteins, 22 proteins showed significant ratio variations after TNF‐α stimulation. Out of the 22 proteins differentially recruited in LRM after inflammatory exposure, 17 were increased in F508del cells with respect to wild‐type, including G‐protein coupled receptors, anion transporters, and one cell‐surface mucin. In both HeLa and CFBE cells, we confirmed that one of the G‐protein coupled receptor GRPC5A relocates to LRM along with F508del‐CFTR after 10 min of TNF‐α treatment. These results could enlighten the cross‐talk between CFTR and TNF‐α and its impact on the cell response to inflammatory challenge, and support and extend our recent findings (Bitam S, et al. F1000Res. 2015;4:218).

**Novel aspect**: In this work, we address for the first time the impact of CFTR mutation F508del and TNF‐α stimulation on the LRM proteome.

Supported by French Associations Vaincre la Mucoviscidose and Mucoviscidose‐ABCF2.
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**EFFECTS OF PH AND MUCUS CONCENTRATION ON MUCUS RHEOLOGY**

[Hill, D.B.]{.ul} ^1,2^; Combs, M.E.^1^; Malachowski, J.L.^1^; Forest, M.^3,4^ *1. Cystic Fibrosis Center, The University of North Carolina at Chapel Hill, Chapel Hill, NC, USA* *; 2. Physics and Astronomy, The University of North Carolina at Chapel Hill, Chapel Hill, NC, USA* *; 3. Carolina Center for Interdisciplinary Applied Mathematics, The University of North Carolina at Chapel Hill, Chapel Hill, NC, USA* *; 4. Mathematics, The University of North Carolina at Chapel Hill, Chapel Hill, NC, USA*

Cystic fibrosis (CF) airway disease is characterized by thickened mucus of increased viscoelastic properties which results in poor clearance from the lung and increased infection and airway inflammation. Currently, there is a debate in the CF community as to the cause of pathologically thickened mucus. One hypothesis is that defective chloride transport by absent or misfolded cystic fibrosis transmembrane conductance regulator (CFTR) results in sodium hyperabsorption to maintain intracellular ionic balance. In this hypothesis, water moves with sodium from the airway lumen into the underlying cellular epithelium, thereby dehydrating the airway surface layer (ASL) and creating a high concentration mucus with increased viscoelastic properties. A competing hypothesis is that the defective CFTR inhibits bicarbonate secretion into the ASL which results in acidification of the ASL, thereby increasing the rheological properties of the mucus layer and impeding clearance. We seek to define the relative contributions of each competing hypothesis (mucus pH and concentration) to the increased viscoelastic properties of CF mucus. We perform all of our assays on mucus harvested from our human bronchial epithelial cell culture model system which allows for control of mucus concentration as defined by % solids dry weight, as well as the pH. Our results show that altering pH from 8 to 6 results in a doubling of the viscosity of mucus of 2% solids mucus. However, our results also show that doubling the concentration of mucus from 2% solids to 4% solids results in a 10‐fold increase in the viscosity of mucus. Further, the increases in mucus concentration results in an increase in the buffer capacity of mucus, making it more resistant to changes in pH. Taken together, our results show that pH alters the viscosity of low concentration mucus, but that effect is diminished at high mucus % solids. The data further show that % solids is ultimately the dominant factor in creating the highly viscous mucus that is a hallmark of CF airway disease.
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**BIOPHYSICAL ANALYSIS OF PEDIATRIC CF BAL: DEFINING BIOMARKERS OF THE ONSET OF CF AIRWAY DISEASE**

[Hill, D.B.]{.ul} ^1,3^; Forest, M.^2^; Seim, I.^2,1^; Ramsey, K.A.^6^; Esther, C.R.^4^; Muhlebach, M.S.^5^; Stick, S.M.^6^; Boucher, R.C.^1^ *1. Cystic Fibrosis Center, The University of North Carolina at Chapel Hill, Chapel Hill, NC, USA* *; 2. Center for Interdisciplinary Applied Mathematics, The University of North Carolina at Chapel Hill, Chapel Hill, NC, USA* *; 3. Mathematics, The University of North Carolina at Chapel Hill, Chapel Hill, NC, USA* *; 4. Pediatric Pumonology, The University of North Carolina at Chapel Hill, Chapel Hill, NC, USA* *; 5. Pediatrics, The University of North Carolina at Chapel Hill, Chapel Hill, NY, USA* *; 6. Respiratory Medicine, Princess Margaret Hospital for Children, Perth, WA, Australia*

The AREST CF project represents a unique opportunity to document the early onset of airways disease in cystic fibrosis. In this ongoing study, bronchoalveolar lavage (BAL) samples are being collected from pediatric patients at regular intervals over the first 6 years of life. The goal of our analysis is to investigate changes in the rheological properties of mucus brought on by CF airway disease. We have previously shown that CF sputum is characterized by significantly increased mucin concentration \[1\], resulting in modified biophysical properties such as viscoelasticity and osmotic pressure \[2, 3\]. Due to the dilute nature of BAL samples, determining the native concentration of mucus along the airways from BAL samples has proven impossible. While small flecks of concentrated, viscoelastic mucus are present in the pediatric CF BALs, the samples also contain highly diluted mucus that is rheologically identical to saline. By combining sophisticated microbead rheological measurements of BAL samples with advanced data analytics, we are able to determine a diversity of rheological microenvironments in which tracer particles are sampling. Specifically, we embed 1 micron diameter tracer particles into the sample volume and analyze their diffusive fluctuations. Analytically, we firstly determine which particle tracked paths are consistent with normal saline and exclude those from further analysis. For non‐excluded particles, anomalous sub‐diffusion parameters of each particle path are calculated \[4\], reflecting motilities from a range of diluted to pure mucus sample. We compare our results to adult CF and normal BALs, finding that the samples collected from the pediatric AREST participants display a rheology that lies between that of healthy adults and adult CF patients. We additionally compare the results of over 150,000 particle tracks from 64 patients and 12 non‐CF pediatric disease patients with traditional clinical biomarkers such as CT scan scoring and cell counts.
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**CFTR DRIVES PI3K/AKT SIGNALING THROUGH EZRIN IN ACTIVATED MACROPHAGES**

[Di Pietro, C.]{.ul} ^1^; Zhang, P.^1^; O\'Rourke, T.^1,2^; Murray, T.S.^3,2^; Britto, C.^4^; Koff, J.^4^; Krause, D.S.^3^; Egan, M.E.^1,5^; Bruscia, E.M.^1^ *1. Pediatrics, Yale University School of Medicine, New Haven, CT, USA* *; 2. Quinnipiac University School of Medicine, North Haven, CT, USA* *; 3. Laboratory Medicine, Yale University School of Medicine, New Haven, CT, USA* *; 4. Internal Medicine, Yale University School of Medicine, New Haven, CT, USA* *; 5. Cellular and Molecular Physiology, Yale University School of Medicine, New Haven, CT, USA*

**Introduction**: We previously demonstrated that loss of CFTR in murine and human macrophages (MΦs) led to exaggerated production of proinflammatory cytokines in response to LPS, due to uncontrolled TLR4 signaling. Further, we showed that the PI3K/AKT signaling, which is required for TLR4 negative regulation, is impaired in CF MΦs. Others have demonstrated that CF MΦs manifest defective FcR‐mediated phagocytosis and killing of *Pseudomonas aeruginosa*. Both of these mechanisms in MΦs rely on efficient PI3K/AKT signaling. Thus, blunted PI3K/AKT signaling in CF MΦs might weaken anti‐inflammatory and host defense pathways.

**Aim**: The mechanism by which loss of CFTR leads to blunted PI3K/AKT signaling in response to TLR4 activation remains to be investigated. Here we test whether ezrin, a member of the ezrin‐radixin‐moesin proteins that bridge the cytoskeleton to cell membrane proteins, links CFTR and PI3K/AKT signaling.

**Methods**: MΦs were generated by culturing bone marrow cells from B6.129‐KOCftr^tm1UNC^ and WT littermate mice for 7 days in M‐CSF. Human MΦs were differentiated from peripheral blood of healthy donors (HD) (n=5) or CF patients (n=5) for 10 days in human M‐CSF. Murine MΦ cell lines (J774A.1) were stably infected with a retroviral vector expressing an shRNA against ezrin (shRNA‐Ezr) or a scramble control (shRNA‐CTR). For the celecoxib study, murine and human MΦs were treated overnight with 25mM celecoxib or vehicle (DMSO) and then challenged with LPS.

**Results:** Using confocal and transmission electron microscopy**,** we show that in response to LPS, MΦs form plasma membrane ruffles with high levels of ezrin. In contrast, loss of CFTR in MΦs causes a profound reduction of ezrin protein levels in the plasma membrane ruffles in response to LPS. In activated CF MΦs, ezrin is trapped intracellularly and fails to be phosphorylated at its actin‐binding domain, thus leading to proteasome‐dependent degradation. Reduced ezrin is also observed in human CF MΦs bearing Class I‐II (n=3) but not mild CFTR mutations (n=2). Studies in shRNA‐Ezr‐MΦs reveal that ezrin is required for PI3K/AKT induction in response to LPS. Low levels of ezrin in MΦs also augment TLR4 signaling in response to LPS, and impair *Pseudomonas aeruginosa* phagocytosis. Treatment with celecoxib, a nonsteroidal anti‐inflammatory drug that we have previously used to reestablish PI3K/AKT signaling in CF MΦs challenged with LPS and to reduce lung hyperinflammation in CF mice, increases ezrin levels and promotes its phosphorylation in CF cells. Thus, we speculate that the beneficial effects of celecoxib in CF MΦs are, in part, due to ezrin protein stabilization, which ensures efficient PI3K/AKT signaling in response to LPS.

**Conclusion**: In summary, we have identified a major dysfunction in the organization of plasma membrane ruffles during CF MΦ activation, which disrupts a key immune signaling network and weakens host defense.

Funded by CFF.
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**DEMONSTRATION OF MOUSE TRACHEA IMAGING WITH A FLEXIBLE MICRO‐OPTICAL COHERENCE TOMOGRAPHY (µOCT) ENDOBRONCHIAL PROBE**

Cui, D.^1,2^; Leung, H.^1,4^; Chu, K.^1,4^; Ford, T.^1,4^; Hyun, C.^1^; Yin, B.^1,4^; Singh, K.^1,4^; Birket, S.^3,5^; Solomon, G.^3,5^; Rowe, S.M.^3,5^; [Tearney, G.J.]{.ul} ^1,4^ *1. MGH, Boston, MA, USA* *; 2. NTU, Singapore, Singapore* *; 3. UAB, Birmingham, AL, USA* *; 4. HMS, Boston, MA, USA* *; 5. Gregory Fleming James Cystic Fibrosis Research Ctr, Birmingham, AL, USA*

**Background**: Mucociliary clearance (MCC) is a critical defense mechanism of the human respiratory system. In CF, the impairment of MCC often leads to severe morbidity such as obstruction of the airways and increased susceptibility to chronic lung infection. By providing high resolution (1‐2 μm) cross‐sectional imaging capabilities at rapid imaging speed (40 frames per second), the μOCT (Liu L, et al. PLoS One 2013;8:e54473) technology that our group has pioneered is a useful and unique tool capable of facilitating the understanding of the mechanistic pathways associated with CF pathogenesis.

**Method**: μOCT imaging is capable of performing comprehensive analysis of various aspects of CF pathophysiology such as the functional microanatomy of the airway epithelium, including ASL and PCL thickness, cilia beat frequency, and mucociliary transport rates (MCT). In addition to the ex vivo work performed on the benchtop μOCT imaging system, we have also developed a rigid 4 mm μOCT probe for in vivo imaging of airway epithelium in breathing swine. To improve the clinical utility of μOCT for CF studies, we now report the implementation of a flexible μOCT probe that is designed to be compatible with a standard clinical bronchoscope. The probe has a smaller diameter of 2.5 mm and transduces beam scanning motion using a flexible polyetheretherketone tube. The new design allows the probe to fit into the instrument channel of a bronchoscope. At the proximal end, a piezo‐electric stack motor is attached to the instrument channel of the bronchoscope via a customized ergonomic attachment. The piezo motor provides a longitudinal scan at 40 Hz over an approximate 200 μm field of view.

**Results**: The Figure compares two images of excised mice trachea tissue, one obtained from the benchtop μOCT system and the other from the miniaturized flexible μOCT probe. In both cases, cilia on the apical surface are clearly distinguishable, which indicates that the flexible bronchial probe has comparable imaging performance as the benchtop system.

**Conclusions**: We successfully developed a miniaturized flexible μOCT probe suitable for imaging the epithelial functional microanatomy in vivo. Translation to human subjects will greatly benefit the study of CF pathogenesis and the assessment of the efficacy of experimental therapeutics.

We gratefully acknowledge the support of this work by NIH R01 HL116213‐01 and CFF funds ROWE10XX0 and TEARNE07XX0.
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Figure: A comparison of mouse trachea tissue images obtained from the benchtop µOCT system (left) and from the flexible bronchial probe (right). Cilia tips (green arrows) and periciliary liquid (PCL) layer (red bar) are seen on the surface of the epithelial layer (EP).
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**WNT SIGNALING REGULATES AIRWAY EPITHELIAL STEM CELLS IN ADULT MURINE SUBMUCOSAL GLANDS**

[Lynch, T.J.]{.ul} ^1^; Anderson, P.J.^1^; Tyler, S.R.^1^; Crooke, A.K.^1^; Xie, W.^1^; Liu, X.^1^; Goodheart, M.J.^2^; Parekh, K.^3^; Engelhardt, J.^1,4^ *1. Anatomy and Cell Biology, University of Iowa, Iowa City, IA, USA* *; 2. Obstetrics and Gynecology, University of Iowa, Iowa City, IA, USA* *; 3. Cardiothoracic Surgery, University of Iowa, Iowa City, IA, USA* *; 4. Center for Gene Therapy, University of Iowa, Iowa City, IA, USA*

Tracheal submucosal glands (SMGs) impact airway health by secreting mucus and serous fluids and by contributing to cellular regeneration as a tissue‐specific stem cell (SC) niche. It has been shown that CFTR defects lead to dysregulation in the SMG SC niche likely through altered gland secretions, but much is still unknown regarding how glandular SCs are regulated. Wnt signaling is required for lineage commitment of glandular SCs during SMG morphogenesis from the surface airway epithelium (SAE). Whether similar Wnt‐dependent processes coordinate SC expansion in adult SMGs following airway injury remains unknown. We found that two Wnt‐reporters in mice (BAT‐gal and TCF/Lef:H2B‐GFP) are co‐expressed in actively cycling SCs of primordial glandular placodes and in a small subset of adult SMG progenitor cells that enter the cell cycle 24 hours following airway injury. At homeostasis, these Wnt reporters showed nonoverlapping cellular patterns of expression in the SAE and SMGs. Following tracheal injury, proliferation was accompanied by dynamic changes in Wnt‐reporter activity and the analysis of 56 Wnt‐related signaling genes revealed unique temporal changes in expression within proximal (gland‐containing) and distal (gland‐free) portions of the trachea. For example, seven Wnt ligands (Wnt10a, Wnt10b, Wnt2, Wnt3a, Wnt4, Wnt5a, Wnt6) and six Wnt receptors (Fzd1, Fzd2, Fzd5, Fzd7, Lrp5, Lrp6) were differentially regulated. Additionally, Wnt modulators (Dkk2, Dkkl1, Sfrp1, Sfrp2, Bambi, Dvl1, Wif1) and downstream targets of Wnt signaling (Wisp2, Ccnd3, Myc) were also differentially expressed following injury. Wnt stimulation in vivo and in vitro promoted epithelial proliferation in both SMGs and the SAE. Interestingly, slowly cycling nucleotide label‐retaining cells (LRCs) of SMGs were spatially positioned near clusters of BAT‐gal positive serous tubules. Isolation and culture of tet‐inducible H2B‐GFP LRCs demonstrated that SMG LRCs were more proliferative than SAE LRCs and culture expanded SMG‐derived progenitor cells outcompeted SAE‐derived progenitors in regeneration of tracheal xenograft epithelium using a clonal analysis competition assay. SMG‐derived progenitors were also multipotent for cell types in the surface airway epithelium and formed gland‐like structures in xenografts. These studies demonstrate the importance of Wnt signals in modulating SC phenotypes within tracheal niches and provide new insight into phenotypic differences of SMG and SAE SCs. These studies also provide a foundation for the isolation and propagation of multipotent glandular progenitors that may be useful for SC therapies for CF airway disease.
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**IN VITRO TRANSMIGRATION OF NEUTROPHILS INTO CF AIRWAY FLUID INDUCES FUNCTIONAL AND METABOLIC REPROGRAMMING CHARACTERISTIC OF CF AIRWAY NEUTROPHILS IN VIVO**

[Forrest, O.A.]{.ul} ^1,2^; Ingersoll, S.^1,3^; Preininger, M.^1,3^; Laval, J.^1,3^; Limoli, D.^1,3^; Brown, M.R.^1,3^; Lee, F.^4^; Bedi, B.^4^; Sadikot, R.T.^4^; Goldberg, J.B.^1,3^; Tangpricha, V.^4^; Tirouvanziam, R.^1,3^ *1. Center for CF and Airways Disease Research, Children\'s Healthcare of Atlanta, Atlanta, GA, USA* *; 2. Immunology and Molecular Pathogenesis Program, Emory University, Atlanta, GA, USA* *; 3. Department of Pediatrics, Emory University School of Medicine, Atlanta, GA, USA* *; 4. Department of Medicine, Emory University School of Medicine, Atlanta, GA, USA*

**Background:** Airway inflammation in cystic fibrosis (CF), chronic obstructive pulmonary disease (COPD), and severe asthma (SA) is characterized by the massive recruitment of polymorphonuclear neutrophils (PMNs) to the lumen. Neutrophil elastase (NE) released from primary granules is a strong predictor of lung function in CF and COPD. However, it remains unclear how NE and other PMN granule mediators are released into the lumen. In prior in vivo studies, our group showed that a large fraction of live PMNs in CF airways undergo hyperactive degranulation of their NE‐rich primary granules, with concomitant changes in metabolism.

**Methods:** Blood and sputum were collected from CF, COPD, SA, and healthy control (HC) subjects, and PMNs were analyzed for viability, degranulation, and other changes using flow cytometry. In an in vitro transepithelial migration assay, CF, COPD, SA and HC airway fluids were used to recruit blood PMNs into the apical aspect of the cultures (lumen), and allow them to be conditioned by exposure to these airway fluids from 2 to 18 hours. In vitro transmigrated PMNs were analyzed for survival, degranulation, as well metabolic and bacterial killing activities by flow cytometry and other assays.

**Results:** (i) CF, COPD, and SA airway fluid induced rapid transepithelial migration and sustained survival of in vitro transmigrated PMNs; (ii) CF, COPD and SA, but not HC, airway fluid, induce PMNs to exocytose their primary granules actively in vitro, recapitulating the phenotype of a significant fraction of CF, COPD and SA airway PMNs in vivo; (iii) in vitro transmigration into CF airway fluid reprograms blood PMNs to upregulate glycolysis; and (iv) in vitro transmigration into CF airway fluid reprograms blood PMNs to dampen their ability to kill the CF pathogen *P. aeruginosa*.

**Conclusions:** Together, our data suggest a primary role for the inflammatory airway milieu in promoting survival, functional and metabolic reprogramming of recruited PMNs. In addition, higher metabolic activity of live PMNs transmigrated into CF airway fluid paradoxically does not equate to higher antibacterial function, consistent with in vivo observations of concomitant PMN recruitment and bacterial colonization in CF airways. The model highlighted here will be instrumental in studying the basic mechanisms of airway PMN reprogramming, screen for relevant immunometabolic drugs targeting live PMNs, and assess potential therapeutic benefits of candidate therapies for CF and other PMN‐driven airway diseases.

Funding: NHLBI (R01HL126603), and CF Foundation (TIROUV15A0).
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**SWIMMING MOTILITY MEDIATES NET FORMATION STIMULATED BY FLAGELLATED ***PSEUDOMONAS AERUGINOSA*****

[Rada, B.]{.ul}; Floyd, M.; Yoo, D.; Cullen, C. *Infectious Diseases, University of Georgia, Athens, GA, USA*

*Pseudomonas aeruginosa* is an opportunistic pathogen causing infections in cystic fibrosis (CF) patients. Chronic CF airways are also characterized by robust neutrophilic infiltration. Neutrophils fight *P. aeruginosa* by multiple mechanisms: besides phagocytosis, they also release neutrophil extracellular traps (NETs) to trap pathogens. NETs are composed of extracellular DNA decorated with histones and granule components. NETs are present in CF airways indicating that recruited neutrophils extrude NETs ‐ most likely in response to bacteria including *P. aeruginosa*. Although clinically a potentially relevant mechanism in CF, the details of *P. aeruginosa*‐induced NET formation remain unclear. Previously, we have shown that laboratory standard strains and CF isolates of *P. aeruginosa* are all strong inducers of NET formation in human neutrophils in vitro. To identify which bacterial components are crucial for NET induction, we cultured *P. aeruginosa* for different lengths of time representing bacteria in their early or late exponential, or early stationary growth phases. Interestingly, *P. aeruginosa* in the early exponential growth phase triggered the most robust NET formation while bacteria from older cultures led to diminished NET release. This indicated that bacterial components/virulence factors characteristic in their early growth phase are mainly responsible for triggering NET formation. Aflagellated mutants of *P. aeruginosa* PAK and PAO1 were seriously impaired in triggering NETs. Purified flagellum or flagellin monomers failed to stimulate NET release in human neutrophils. TLR5‐blocking antibodies did not influence the ability of *P. aeruginosa* to trigger NET release. Similarly, murine neutrophils deficient in the main flagellin‐sensing receptors, TLR5 and NLRC4, release NETs in response to *P. aeruginosa* just as wild‐type neutrophils. The seemingly paradoxical finding of *P. aeruginosa*‐induced NET release being flagellum‐dependent but TLR5‐ and NLRC4‐independent could be explained by the requirement of flagellar motility. The main function of the flagellum is to provide the bacterium with the ability to swim. We tested flagellar motor‐deficient *P. aeruginosa* PAK mutants (DmotABD, DmotBCD) that express flagellum but are unable to move it for their ability to induce NETs in human neutrophils. Interestingly, we have found that motor‐deficient mutants were incapable of inducing NET formation. In summary, we identified the bacterial flagellum as the major component of *P. aeruginosa* to induce NETs. The flagellum does not stimulate NET formation by binding to flagellum‐sensing receptors but by providing swimming motility. We speculate that this mechanism could be also partially responsible for the well‐described loss of flagellum of *P. aeruginosa* during CF airway infections.
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**HSP90 INHIBITION PREVENTS IL‐13‐INDUCED GOBLET CELL METAPLASIA IN HUMAN AIRWAY EPITHELIA**

[Pezzulo, A.A.]{.ul} ^1^; Stewart, C.G.^2^; Taft, P.J.^1^; Gansemer, N.D.^1^; Stoltz, D.A.^1,2,3^; Zabner, J.^1,3^ *1. Internal Medicine, University of Iowa Carver College of Medicine, Iowa City, IA, USA* *; 2. Biomedical Engineering, University of Iowa Carver College of Medicine, Iowa City, IA, USA* *; 3. University of Iowa Papajohn Biomedical Institute, Iowa City, IA, USA*

**Introduction:** Cystic fibrosis, asthma, allergic rhinitis, chronic bronchitis and post‐infectious bronchitis are associated with goblet cell metaplasia (GCM) and mucus hypersecretion. Although mucus hypersecretion may be a primary defense mechanism against environmental exposures, it contributes to significant morbidity in these diseases.

In asthma, IL‐13, IL‐4, EGF and amphiregulin induce SPDEF in a process that requires SERPIN3A; this process ultimately induces GCM. In cystic fibrosis and other diseases, the process of GCM in HAE is incompletely understood. This incomplete knowledge has hampered development of therapies, and targeting of specific GCM triggers and their membrane receptors has shown limited clinical efficacy in asthma.

**Specific Objective:** We used transcriptomic analysis and connectivity mapping to discover novel mechanisms and identify small‐molecule treatments for IL‐13‐ and IL‐4‐induced GCM.

**Methods and Results:** The LINCS‐cmap connectivity map is a collection of chemical‐induced transcriptional profile signatures from multiple cell lines. This allows inputting a transcriptional signature of interest to the database to retrieve compounds that may replicate or revert the input signature. We generated a transcriptional signature consisting of the top 75 up‐ and down‐regulated genes in HAE cultures exposed to IL‐13 for 3 weeks, which resulted in robust GCM; the LINCS‐cmap database identified multiple compounds that may revert this transcriptional signature. We then hypothesized that some of these compounds may block IL‐13 induced GCM. We exposed HAE cultures to IL‐13 and IL‐4 in the presence of the top 6 compounds. Multiple compounds prevented IL‐13‐induced GCM, including blockers of pathways known to play a role in GCM. We found that an HSP90 inhibitor dose‐dependently blocked IL‐13‐ and IL‐4‐induced GCM in multiple HAE donors, and also reverted IL‐13‐induced GCM once established.

**Conclusions:** We conclude that HSP90‐blockade robustly prevents IL‐13‐ and IL‐4‐induced GCM in HAE. We speculate that HSP90 plays a direct role in GCM and that it likely acts downstream of IL‐13 and IL‐4‐receptor binding. Therefore, HSP90 may be involved in GCM induced by a broad variety of mechanisms. Multiple HSP90 inhibitors are currently being used in clinical trials, predominantly for cancer treatment. Repurposing these drugs to block GCM may allow control of mucus hypersecretion in cystic fibrosis and other airway diseases.

Supported by: University of Iowa Carver College of Medicine Physician‐Scientist Training Program.
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**ACTIVATION OF AKT SIGNALING IN HUMAN AIRWAY CELLS EXPRESSING MUTANT CFTR DIFFERS COMPARED TO WILD‐TYPE**

[Molina, S.A.]{.ul} ^1,2^; Vance, R.J.^1^; Imhoff, B.^2^; McCarty, N.A.^3,2^; Koval, M.^1,2^ *1. Division of Pulmonary, Allergy and Critical Care Medicine, Emory University School of Medicine, Atlanta, GA, USA* *; 2. Emory+Children\'s Center for Cystic Fibrosis and Airways Disease Research, Atlanta, GA, USA* *; 3. Pediatrics, Division of Pulmonology, Allergy/Immunology, Cystic Fibrosis, and Sleep, Emory University School of Medicine, Atlanta, GA, USA*

**Introduction:** Glucose is present in the airways of patients affected by cystic fibrosis‐related diabetes (CFRD) and those with bacterial airway infections. Since the lung function of patients diagnosed with CFRD declines at an accelerated rate and since insulin controls glucose metabolism, the effect of insulin on normal and CF airway epithelia glucose clearance was investigated.

**Methods:** Determine whether airway epithelia have functional apical insulin receptors that contribute to glucose clearance and whether these responses are impaired in CF. Insulin responsiveness of human airway epithelial cells matured at air‐liquid interface was characterized by PKB/Akt signaling pathway analysis utilizing pharmacological and immunoblot assays.

**Results:** Application of insulin stimulated glucose uptake in normal primary human airway epithelial cells. Human airway cells expressing mutant CFTR were less responsive to insulin and did not increase glucose uptake as much as wild‐type. Application of SC‐79, an enhancer for Akt activation, did not increase the amount of Akt phosphorylation or function in airway cells expressing mutant CFTR.

**Conclusions:** Insulin stimulated Akt2 signaling preferentially over Akt1 in normal airway cells, but not in CF airway cells. Akt2 activation by insulin is important for glucose uptake in normal human airway cells. The response to insulin in CF patient airway epithelia is impaired and an insulin‐independent approach may be needed to provide an efficacious treatment for CF and CFRD.

**GENETICS**
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**META‐GWAS IDENTIFIES MODIFIERS OF MECONIUM ILEUS SUSCEPTIBILITY IN CYSTIC FIBROSIS**

[Strug, L.J.]{.ul} ^1^; On behalf of the International CF Gene Modifier Co,.^2,3,4^ *1. Genetics and Genome Biology, The Hospital for Sick Children, Toronto, ON, Canada* *; 2. INSERM, Paris, France* *; 3. University of North Carolina/Case Western Reserve, Chapel Hill, NC, USA* *; 4. Johns Hopkins University, Baltimore, MD, USA*

**Introduction:** Meconium ileus (MI), intestinal obstruction at birth, is heritable and previous genome‐wide association studies for MI by the International CF Gene Modifier Consortium (ICFGMC) identified SNPs near *SLC26A9* and *SLC6A14;* these findings have since been replicated and shown to contribute to disease severity in other CF‐affected organs such as the lungs. Here we report the results of a meta‐GWAS for MI with an expanded CF population in the ICFGMC, with the goals of identifying additional loci that contribute to MI susceptibility and additional insight into disease severity in other CF‐affected organs.

**Methods:** We analyzed 5,845 individuals with CF, consisting of four patient collections recruited through Johns Hopkins University, the University of North Carolina/Case Western Reserve University and population‐based patient cohorts from France and Canada who were genotyped on a variety of platforms, and imputed to a common set of \>12 million SNPs. Each of the four cohorts were analyzed at all SNPs across the genome separately, and then combined using random effects meta‐analysis. For the Johns Hopkins cohort containing siblings, generalized estimating equations with a compound symmetry covariance structure was used to account for the relatedness between sibling pairs; all other groups used logistic regression. Genome‐wide significant findings and nearby variants in linkage disequilibrium (LD) were assessed in the context of publicly available data from the Roadmap Epigenomics and ENCODE projects.

**Results and Interpretation:** Five loci contained SNPs that reached the genome‐wide significance threshold, P \< 5\*10^‐8^. These loci included the previously reported MI candidate genes SLC26A9 and SLC6A14, and three novel regions containing PRSS1, ABCG5/ABCG8 and ATP12A. SLC26A9 is an anion transporter/exchanger known to interact with CFTR. *SLC6A14* encodes an amino acid transporter expressed in the intestine. Rs12710568 is in high LD with the top ranked SNP at the SLC6A14 locus and falls in the putative promoter for the gene. Analysis in the context of chromatin states, DNase hypersensitivity and transcription factor binding data enables us to narrow the SLC26A9 regional association to SNPs close to the transcription start site of *SLC26A9* that may influence expression levels. *PRSS1* encodes cationic trypsinogen, a protease from the pancreas, with elevated serum levels indicating CF in newborns. Given our PRSS1 regional association (rs9969188) and recently reported luciferase assays with a promoter variant in strong LD (rs4726576) associated with childhood‐onset pancreatitis, it appears that a decrease in PRSS1 levels may increase the risk for MI. ATP12A was recently reported to contribute to CF lung disease, and is a nongastric proton pump. ABCG5 and ABCG8 work together to transport cholesterol and sterols out of the liver, or in and out of enterocytes of the small intestine.

**Conclusions:** All of our associated variants suggest regulatory effects of gene expression, and most are located near genes previously implicated in CF.

Funding received from CFF, CF Canada, CIHR, Genome Canada and INSERM.
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**GENOME‐WIDE ASSOCIATION META‐ANALYSIS IDENTIFIES NEW GENETIC MODIFIERS OF CF‐RELATED DIABETES AND CONFIRMS PREVIOUS CFRD MODIFIER LOCI**
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**Background:** CF‐related diabetes (CFRD) develops over time in adolescents and adults with CF and causes worse lung function and mortality. Previous studies have demonstrated that variation in the risk of CFRD is due to genes other than *CFTR*, ie, genetic modifiers. We identified CFRD modifier variants in 5 loci (see below) using a genome‐wide and candidate‐based association study (BlackmanSM, et al. Diabetes. 2013;62:3627‐35). The International CF Gene Modifier Consortium (ICFGMC) recently increased the sample size and completed a lung phenotype meta‐analysis (Corvol H, et al. Nat Commun. 2015;6:8382).

**Objective:** To identify new risk loci for CFRD by genome‐wide association meta‐analysis.

**Design/Methods:** CF study participants were recruited through the ICFGMC studies, almost all from North America and France. Inclusion and exclusion criteria were as described for the earlier GWAS (Blackman, et al.) including a requirement that the *CFTR* genotype be known to cause severe exocrine pancreatic insufficiency. Diabetes was defined as insulin treatment for at least 1 year. Genotyping, quality control, and imputation were performed as described (Corvol, et al.). Variants with minor allele frequency ≥2% were analyzed for association. Association was tested using Cox proportional hazard regression within each study cohort, adjusting for population stratification. Cohorts were combined by fixed‐effects meta‐analysis.

**Results:** A total of 6030 individuals had full genotype and phenotype information. CFRD was confirmed to occur more frequently in females (HR = 1.7) as in our previous GWAS. No substantial difference in CFRD cumulative incidence was noted between study cohorts. Notably, all previously associated variants in CFRD modifier loci (*TCF7L2, SLC26A9, CDKAL1, CDKN2A/B*, and *IGF2BP2*) showed independent replication (P\<0.05 for the same variant in newly tested samples). The *TCF7L2* locus continued to have strong genome‐wide support (P=2.4×^‐11^). Two loci had variants associated with CFRD with P\<1×^‐8^, including chr2q35 (P=5.9×^‐9^) and chr8q24.3 (P=4.5×^‐11^). There was no significant evidence of heterogeneity among cohorts at any of the loci (Cochran P=0.41 for chr2q35; P=0.82 for chr8q24.3). The associated SNPs at both new loci lie in and/or adjacent to genes not previously associated with CFRD or type 2 diabetes.

**Conclusions:** Increase in sample size has increased the power to detect CFRD genetic modifiers. All previously identified CFRD modifier loci were replicated. Preliminary analyses identify so far 2 new CFRD modifier loci. These results support an important role for SLC26A9 and for type 2 diabetes risk genes in CFRD and reveal new loci involved in CFRD pathogenesis.

Supported by CFF, NIH, Gilead Sciences, CF Canada, CIHR, Genome Canada.
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**ANALYSIS OF THE ***SLC26A9*** LOCUS AS A MODIFIER OF CF**

[Atalar, M.]{.ul}; Vecchio‐Pagán, B.; Davis, E.; Akhtar, Y.; Sharma, N.; Blackman, S.M.; Cutting, G.R. *Institute of Genetic Medicine, Johns Hopkins University, Baltimore, MD, USA*

Single nucleotide polymorphisms (SNPs) within and 5\' to *SLC26A9* modify risk of CF‐related diabetes (CFRD) (Blackman SM, et al. Diabetes. 2013;62:3627‐35) and meconium ileus (Sun L, et al. Nat Genet. 2012;44:562‐9). To evaluate the genetic architecture of *SLC26A9*, we sequenced the entire *SLC26A9* locus (9.9 kb 5\', 30.4 kb gene and 7.4 kb 3\') in 762 F508del homozygotes. Two linkage disequilibrium (LD) blocks defined by a single recombination in intron 8 were identified. Haplotypes were tested for association with CFRD onset using a continuous trait in which severity is reflected by earlier onset CFRD vs. older ages without CFRD diagnosis (Blackman, SM, et al.). Two common haplotypes (29.2% and 32.7% frequency) within the 5\' LD block containing the variants identified by GWAS were associated with higher and lower risk of CFRD, respectively. No coding SNPs were in LD with either haplotype and no individual SNPs showed greater association with CFRD than the two common haplotypes. This suggests that CFRD risk is conferred by either a single SNP in high LD with the remainder of the haplotype, or a combination of these noncoding SNPs.

Next*,* we analyzed variants associated with *SLC26A9* expression (eQTLs) reported by GTEx within 100 kb of *SLC26A9* in three tissues known to express *SLC26A9*: pancreas, lung and stomach. In the pancreas, eQTLs clustered in two groups, one 5\' and one 3\' of the gene. In the 5\' group, the most significant eQTL (rs2036100; p=4.9E‐3, intron 1) is associated with CFRD, and is in LD with other CFRD‐associated variants (8 of which have eQTL p‐values from 6.2E‐3 to 3.9E‐2). In the 3\' group, 49 SNPs had p‐values ranging from 8.1E‐4 to 4.4E‐3, however this region contains no CFRD‐risk variants. In the lung and stomach tissues, the most significant eQTLs in this region had p‐values of 3.4E‐2 and 1.3E‐2, respectively, neither of which were CFRD‐associated.

*SLC26A9* has 3 annotated human protein‐coding isoforms. Isoform 1 (ENST00000367135) codes a 791aa protein that terminates in a PDZ‐domain binding motif, which facilitates SLC26A9 interaction with CFTR. Isoforms 2 (ENST000000367134) and 3 (ENST00000340781) both code the same 887aa protein that lacks the PDZ‐binding motif. Comparative genomic analysis of *SLC26A9* predicts that isoform 1 is present in all species beyond *Xenopus*, whereas isoforms 2 and 3 are primate‐specific. Transcriptome analysis revealed that isoform 1 was the primary transcript in the lung, pancreas, salivary gland, skin and stomach (n=3 per tissue, Human Protein Atlas). Isoform 3 has lower expression, and was only found in lung and skin (4.5% and 43.5% of isoform 1, respectively). Isoform 2 was not identified in any of these tissues. RT‐PCR of *SLC26A9* RNA transcripts detected abundant isoform 1 in primary stomach, lung, and pancreas tissues, whereas isoforms that do not encode a PDZ‐binding motif (ie, isoforms 2 or 3) were only found in the lung. Isoform 2 has also been previously reported in primary lung cells (Bertrand CA, et al. Pediatr Pulmonol. 2015;50(S41):230).

Together, these results support a role for CFRD‐associated variants influencing the expression of *SLC26A9* isoform 1 in the pancreas.

Funded by CFF and Aetna/US Healthcare Chair.

**136\***

**IDENTIFICATION AND FUNCTIONAL CHARACTERIZATION OF ***FAM13A*** CF MODIFIER GENE: ROLE IN ACTIN CYTOSKELETAL DYNAMICS AND EMT**

Corvol, H.^1,2^; Thompson, K.^1^; Hodges, C.A.^7,8^; Rousselet, N.^1^; Cottin, G.^1^; Berdah, L.^1^; Longchampt, E.^4^; Fiette, L.^5^; Sage, E.^3^; Drumm, M.L.^7,8^; Boelle, P.^6^; [Guillot, L.]{.ul} ^1^ *1. Inserm U938, Paris, France* *; 2. Pediatric Pulmonology, Hôpital Trousseau, Paris, France* *; 3. Service de Chirurgie Thoracique et Transplantation Pulmonaire, Hôpital Foch, Paris, France* *; 4. Service d\'Anatomie Pathologique, Hôpital Foch, Paris, France* *; 5. Human Histopathology and Animal Models, Institut Pasteur, Paris, France* *; 6. INSERM U1136, Paris, France* *; 7. Pediatrics, Case Western Reserve University, Cleveland, OH, USA* *; 8. Genetics and Genome Sciences, Case Western Reserve University, Cleveland, OH, USA*

**Introduction:** Considerable phenotype diversity exists among patients with the same *CFTR* mutation. Additional genetic modifiers contribute to this variability and it was previously estimated that 50% of lung function variance is attributable to non‐*CFTR* genetic factors. *FAM13A* was previously associated with lung function in the general population and in chronic lung diseases, especially COPD. FAM13A protein has a RhoGAP domain suggesting its involvement in modulating the activity of RhoGTPases, which are key regulators of cytoskeletal dynamics. In this study we assess if *FAM13A* is involved in CF patients\' FEV~1~ variability and to characterize its biological role.

**Methods:** The contribution of *FAM13A* as a modifier gene of lung function was tested by VEGAS (Versatile Gene‐based Association Study) including 1354 French CF patients. A549 cells were cultured in F12 medium (Gibco) supplemented with 10% FCS and antibiotics. Primary human bronchial epithelial cells (HBEC) from controls and CF patients are from Epithelix. The FAM13A antibody was from Sigma‐Aldrich. FAM13A siRNA was from Ambion, and the expression plasmid is from Origene. Knock‐out mice were obtained from the Knock‐out Mouse project.

**Results:** Using VEGAS, we showed that *FAM13A* is associated with lung function in CF patients. Immunohistochemistry in human and mouse lung shows that FAM13A is detected in both bronchial and alveolar type II cells. In inflammatory context, FAM13A mRNA expression is downregulated especially by IL‐1β, both in A549 cells and HBEC cells. In order to understand the consequences of this downregulation, we used a siRNA against FAM13A and observed the induction of F‐actin stress fibers both in A549 cells and HBEC and an increase of rhoA activity. Conversely, rhoA activity is diminished when FAM13A is overexpressed. Furthermore, inhibition of FAM13A expression enhanced the reduction of the EMT marker E‐cadherin expression and the increase of vimentin by TGFβ. Preliminary results using *Fam13a* ^*‐/‐*^ and wild‐type mice showed no differences in weight, appearance or breathing rate.

**Conclusion:** We observed that the *FAM13A* gene is associated with lung function in CF patients. Data suggest that FAM13A is involved in cytoskeletal dynamics, confirming its expected role as a RhoGAP. FAM13A regulates rhoA activity and may contribute to the EMT process. Future in vivo studies using physiopathological models (TGFβ, F508del‐*Fam13* ^*‐/‐*^) will result in an increased understanding of how this gene affects lung function of CF patients.
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**AGE OF ONSET OF CHRONIC ***P. AERUGINOSA*** PULMONARY INFECTION IS ASSOCIATED WITH DIFFERENTIAL GENE EXPRESSION IN CF NASAL EPITHELIA IN VIVO**

[Polineni, D.]{.ul} ^1^; Dang, H.^2^; Pace, R.^2^; Stonebraker, J.R.^2^; Jones, L.^2^; Boyle, M.P.^3^; Chmiel, J.^4^; Durie, P.R.^5^; Gallins, P.C.^6^; Wright, F.^6^; O\'Neal, W.K.^2^; Knowles, M.R.^2^ *1. Univ of Kansas, Kansas City, KS, USA* *; 2. Univ of North Carolina, Chapel Hill, NC, USA* *; 3. Johns Hopkins Hospital, Baltimore, MD, USA* *; 4. Case Western Reserve Univ, Cleveland, OH, USA* *; 5. Univ of Toronto, Toronto, ON, Canada* *; 6. North Carolina State Univ, Raleigh, NC, USA*

**Background:** In CF, chronic pulmonary infection with *P. aeruginosa* is associated with lung function decline and decreased survival. Studies of heritability for chronic *P. aeruginosa* infection have shown estimates of 0.76 by concordance analysis, and 0.85 after adjusting for age of onset of infection (Greene, et al, J Pediatr. 2012). These studies suggest host genetic susceptibility to chronic *P. aeruginosa* infection. We hypothesized that in vivo human nasal epithelia show differential gene expression associated with age of onset of chronic *P. aeruginosa* infection.

**Methods:** We enrolled 152 CF subjects with 2 pancreatic insufficient *CFTR* mutations (91% homozygous Phe508del), obtaining nasal mucosal epithelia via curettage biopsies. Isolated RNA was submitted for mRNA‐Seq. Age of onset of chronic *P. aeruginosa* infection was determined by annual nasopharyngeal and sputum culture data. Chronic infection was defined as *P. aeruginosa* cultured for 2 consecutive years, or 2 out of 3 years, unless subjects had \>5 consecutive years of negative cultures after meeting positive criteria early in life. Subjects above age 7 were required to have at least 1 negative culture before a first positive culture could be considered for analysis (Pittman JE, et al. Pediatr Pulmonol. 2011;46:497‐504). We performed SAFE pathway analysis integrating principle components and clinical covariates including: sex, lung transplantation, nasal steroid use, and inflammation (indexed by *CD45* expression). We additionally controlled for lung disease severity in our primary analysis, and used azithromycin as an exploratory covariate in secondary analyses. FDR values \<0.15 met statistical significance.

**Results:** We characterized age of onset of chronic *P. aeruginosa* infection in 94 subjects; 5 subjects were negative for *P. aeruginosa* at final culture. Our analysis showed 12 significant pathways that associated with age of onset of chronic *P. aeruginosa* infection in the primary analysis (and 30 for primary and secondary analyses combined), including many genes related to cell surface glycoproteins and receptors, cellular integrity, and innate immune response (eg, *EGFR, CDH1, CD44*). As one example, expression of cell surface receptor CD44 significantly contributed to pathway significance, wherein increased *CD44* expression was associated with a later age of onset of chronic *P. aeruginosa* infection (p\<0.035 in all analyses).

**Discussion:** Human respiratory epithelia are a vital component of the innate immune system. Our studies of CF respiratory epithelia show significant differential expression of genes related to cellular growth and development, immunity, and cell‐cell signaling in association with age of onset of chronic *P. aeruginosa* infection. Future mechanistic studies of identified candidate genes may elucidate the pathophysiology of CF host susceptibility to *P. aeruginosa* infection.

Funding: CFFKNOWLE00A0; NIHHL095396; NIHHL068890; Gilead Sciences Research Scholars Program.
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**GENOTYPES OF ADULT‐DIAGNOSED CYSTIC FIBROSIS PATIENTS AND ELIGIBILITY FOR CURRENTLY AVAILABLE MUTATION‐SPECIFIC CFTR MODULATORS**

[Desai, S.]{.ul} ^1^; Sykes, J.^3^; Stephenson, A.^2^; Quon, B.S.^2^ *1. University of British Columbia, Vancouver, BC, Canada* *; 2. Div. of Resp, St. Paul\'s Hospital, Vancouver, BC, Canada* *; 3. Div. of Resp, St. Michael\'s Hospital, Toronto, ON, Canada*

**Introduction:** Approximately 5% of all CF diagnoses are made during adulthood. The CF mutations observed in adult‐diagnosed (AD) cases differ from childhood‐diagnosed CF and often lead to a milder disease phenotype. The proportion of AD patients with specific mutations who could benefit from currently available CFTR modulator therapies across Canada remains unknown. The purpose of this study was to describe the frequency of specific CF mutations in AD CF patients currently alive in Canada and to estimate the proportion that could benefit from currently available CFTR modulator therapies.

**Methods:** Population‐based cohort study of AD CF patients (≥18 years) currently alive and diagnosed between 1972‐2014 without a prior lung transplant followed in the Canadian CF Registry. We characterized the prevalence of CF mutations in this AD cohort, specifically focusing on mutations that can be targeted by Kalydeco**™** and Orkambi**™** (F508del homozygous, G551D, non‐G551D gating mutations and R117H mutations). Clinical characteristics including sweat chloride, pancreatic status, FEV1 % predicted (using GLI reference norms), and *P. aeruginosa* culture status were evaluated within 2 years of diagnosis and at the last reported clinic visit.

**Results:** 291 AD patients were identified as currently alive without lung transplant. The mean age at diagnosis was 35±13 years and 72% of patients presented with pulmonary symptoms. The mean sweat chloride measurement at the time of diagnosis was 77±27 mEq/L. Thirty‐nine percent were classified as pancreatic insufficient (based on pancreatic enzyme use) and the mean BMI at diagnosis was 23.9±5.2 kg/m^2^. Seven percent of AD CF patients are F508del homozygous, 43% are F508del heterozygous, 19% have two non‐F508del mutations, 18% have just one identified mutation, and 13% have no mutations identified or missing genotype data. Twenty percent have mutations that can be targeted by currently available CFTR modulator therapies. Specifically, 10.7% have the R117H mutation, 7.2% are homozygous for F508del, and 2.1% have a G551D gating mutation. No patients with a non‐G551D gating mutation were identified in this cohort. The clinical characteristics of AD patients stratified by these mutations are summarized in the Table.

**Conclusion:** Twenty percent of AD CF patients in Canada have mutations that may be targeted by currently available CFTR modulator therapies. CFTR modulator therapies targeting mutations observed more commonly in AD CF patients are needed.
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**QNS SWEAT TEST RATES WITH GIBSON‐COOKE COLLECTION COMPARED TO MACRODUCT®**

[Rock, M.J.]{.ul}; Makholm, L. *Pediatrics, University of Wisconsin, Madison, WI, USA*

**Background:** Despite making a genetic diagnosis of CF, both the United States Cystic Fibrosis Foundation (CFF) and the European Cystic Fibrosis Society state that a sweat chloride test will always be necessary. (Farrell PM, et al. J Pediatr. 2008;153:S4‐S14; Castellani C, et al. J Cyst Fibros. 2008;7:179--96). Previous studies comparing quantity not sufficient (QNS) rates of Gibson‐Cooke collection versus Macroduct® collection have yielded conflicting results. In 1994, Hammond and colleagues (Hammond, et al. J Pediatr. 1994;124:255‐260) found a 0.7% QNS rate with Gibson‐Cooke collection (QNS defined as \<50 mg of sweat) compared to a QNS rate of 6.1% for Macroduct® (QNS defined as \<15 μL). Conversely, in 2012, Laguna and colleagues (Laguna TA, et al. Pediatr Pulmonol. 2012;47:736‐42) found a 15.4% QNS rate (QNS defined as \<75 mg of sweat) with Gibson‐Cooke collection compared to a 2.1% QNS rate with Macroduct®. The sweat testing method at the University of Wisconsin‐Madison changed from Gibson‐Cooke collection to Macroduct® collection in September 2015.

**Objective:** Describe historical QNS rates of sweat testing via Gibson‐Cooke with collection of sweat onto filter paper compared to Macroduct® sweat collection.

**Methods**: All sweat tests were performed bilaterally. The technician performing over 95% of the tests has 25 years of experience of sweat testing. QNS data from 2007 through September 2015 of sweat collection via Gibson‐Cooke are summarized. QNS was defined as a sweat weight of \<75 mg from both arms. The sweat collection method changed to Macroduct® on Sept. 21, 2015. QNS data from then until April 26, 2016 are also summarized. QNS was defined as \<15 μL of sweat from both arms.

**Results**: Are as listed in the Table.

**Conclusion:** Sweat collection via Macroduct® resulted in higher QNS rates than Gibson‐Cooke collection. These higher rates applied to patients both above and below 3 months of age.

![](PPUL-51-S194-g011.jpg "ppul23576-gra-0011")
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**ROLE OF SPECIFIC GENETIC VARIANTS IN CHITINASE 3‐LIKE 1 AS A POTENTIAL MARKER OF CYSTIC FIBROSIS DISEASE SEVERITY**

[Coriati, A.]{.ul} ^1,2^; Bouvet, G.F.^2^; Lavoie‐Pilote, A.^2^; Berthiaume, Y.^2,1^ *1. Université de Montréal, Montréal, QC, Canada* *; 2. Institut de Recherches Cliniques de Montréal, Montréal, QC, Canada*

**Introduction:** Although cystic fibrosis (CF) is associated with mutations in the *CFTR* gene, for similar mutations (genotypes), we can observe very different clinical manifestations (phenotypes) from one patient to another. YKL‐40 (chitinase 3‐like 1 gene; CHI3L1) is an inflammatory marker increased in blood of patients with inflammatory diseases including CF (Hector A, et al. PloS One. 2011;6:e24399; Kang MJ, et al. Am J Respir Cell Mol Biol. 2015;53:863‐71). Studies have also shown that YKL‐40 is inversely correlated with pulmonary function (Hector A et al.). Specific alteration in gene expression in diseases could be explained by the presence of single nucleotide polymorphisms (SNPs) in specific regions of the CHI3L1 gene (Thomsen SB, et al. PloS One. 2012;7:e47094). The purpose of this study was to determine if the presence of SNPs could change CHI3L1 gene expression and lead to higher levels of YKL‐40 as well as a specific clinical profile in CF patients.

**Objective:** Determine if there is an association between genotypes of selected SNPs in the promoter region of CHI3L1 (rs4950928 and rs871799) and serum concentration of YKL‐40 as well as clinical markers of disease severity in a clinical cohort of CF patients.

**Methods:** We have developed a prospective cohort study of 200 adult CF patients where blood samples will be collected to analyse DNA (SNPs) and circulating levels of YKL‐40. We present the preliminary data obtained on 51 patients. The SNPs and circulating levels of YKL‐40 were correlated with the following biological and clinical parameters (FEV~1~, body mass index (BMI), glucose tolerance, episodes of pulmonary exacerbations). Statistical analyses will be tested using SPSS 20.0.

**Results:** The subgroup of 51 adult patients had a mean age of 33.2 ± 9.3 years and mean BMI of 23.1 ± 3.3 kg/m^2^. We found that patients expressing the C/C‐rs4950928 genotype have higher levels of YKL‐40 in their blood. Also, C/C‐rs4950928 expressing patients are more likely to have episodes of pulmonary exacerbations. We also observed that patients with the lowest values of FEV~1~ tend to express the C/G‐rs871799 genotype.

**Conclusion:** These preliminary data suggest that CHI3L1 could be a susceptibility gene (modifier gene) and that specific genotypes could lead to an increase in circulating levels of YKL‐40. These preliminary data need to be confirmed in our larger cohort of 200 patients as well as in a larger independent confirmatory cohort. These results could also provide information regarding the role of YKL‐40 in CF pathophysiology and its role as a novel biomarker of disease evolution.

**Acknowledgments:** Supported by Cystic Fibrosis Canada (grant and post‐doctoral fellowship).
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**INTERPRETATION AND STRATIFICATION OF CFTR SPLICE‐SITE VARIANTS TO IDENTIFY POTENTIAL THERAPEUTIC TARGETS FOR SMALL MOLECULE CORRECTORS AND POTENTIATORS**

[Sharma, N.]{.ul}; Evans, T.; Pellicore, M.; Davis, E.; Han, S.T.; McCague, A.; Lee, M.; Raraigh, K.S.; Sosnay, P.R.; Cutting, G.R. *Institute of Genetic Medicine, JHU, Baltimore, MD, USA*

Splice variants can have a number of consequences on protein synthesis ranging from the production of no protein, truncated forms of protein or reduced quantities of wild‐type protein. Differentiating among these possibilities is essential for the design and testing of therapeutic strategies for treating splice‐site variants. Splice‐site variants that permit expression of CFTR protein, whether aberrant or a reduced quantity of normal, may respond to corrector and/or potentiator therapy.

To stratify the molecular consequences of splice variants, we have created a series of expression minigenes (EMGs) bearing 38 putative disease associated splice‐site variants. (Source: CFTR2 and CFMD.) 37 of the 38 variants caused a splicing defect. More than one splice‐isoform was detected for 18 variants, including six "leaky" variants that allowed production of reduced amount of full‐length CFTR mRNA (621+3A\>G, 2789+2InsA, 2789+3delG, 2789+5G\>A, 3849+40A\>G, and 4374+2T\>C, legacy nomenclature). A variety of other splicing defects were observed: exon skipping (n= 26 variants), shortened exon (n=9 variants), cryptic splice‐site activation in intron (n= 12 variants), and complete abridged intron retention (n= 2 variants).

The effect of splice variants on CFTR protein production and processing was evaluated by Western blotting. Four categories were observed: (i) No protein (n= 13 variants, e.g. 4005+1G\>A), (ii) Core glycosylated truncated protein (n=14 variants, eg, 621+1G\>T), (iii) Complex glycosylated truncated protein (n=5 variants, e.g. 3849+5G\>A), and (iv) Complex glycosylated full‐length protein (n=6, "leaky" splice variants as listed above). Among the six leaky splice variants, four generated full length CFTR band C that was less than 20% of WT levels (2789+5G\>A, 3849+40A\>G, 4374+2T\>C, and 2657+3delG). The milder phenotype associated with each variant, except one, was consistent with the presence of reduced full length mRNA and protein.

To evaluate the feasibility of using small molecules to achieve therapeutic levels of chloride transport, we performed short‐circuit current (Isc) measurements of MDCK Flp‐in stable cell lines expressing the 3849+40A\>G variant. The cells were treated for 48h with either corrector molecule VX‐809 or VX‐661 (3 μM each). The potentiator molecule VX‐770 (10 μM) was added during Isc measurements on the apical side of the transwell. The Isc values observed for the variant 3849+40A\>G relative to WT were -- untreated (37.8±2.1%), VX‐770 (48.0±3.8%), VX‐770+VX‐809 (74.4±4.7%), and VX‐770+VX‐661 (87.6±1.5%). These results suggest that patients carrying "leaky" splice site variants should benefit from the combination of corrector and potentiator rather than potentiator alone. This treatment strategy could also benefit those splice site variants that generate core (e.g. 621+1G\>T) or complex glycosylated truncated protein (e.g. 3849+5G\>A).

This work was supported by the CFF, MDBR and NIH.
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**AMINO ACID SUBSTITUTIONS OF PORE‐LINING RESIDUES MAY COMPRISE A DISTINCT THERATYPE OF CF‐CAUSING CFTR VARIANTS**

[Han, S.T.]{.ul}; Pellicore, M.; Evans, T.; Davis, E.; Raraigh, K.S.; Cutting, G.R. *Institute of Genetic Medicine, Johns Hopkins University, Baltimore, MD, USA*

Several amino acid residues found in the 6th transmembrane domain (TM6) line the CFTR channel pore and are involved in ion conductance. CFTR bearing disease‐causing amino acid substitutions in TM6 expressed in Fischer rat thyroid (FRT) cells had minimal forskolin‐activated chloride transport and were minimally responsive to VX‐770. The lack of chloride conductance was surprising because these variants are associated with a milder phenotype due to low rates of pancreatic insufficiency (PI). The lack of response to VX‐770 of these variants was also surprising because these variants generate mature CFTR protein in cell culture. To explore these discrepancies, we sought to test these variants using an airway epithelial cell line.

We generated CFBE41o‐ cells with stable expression of a single copy of *CFTR* cDNA containing a TM6 variant (R334W, I336K, T338I, or R347P). Western blot using the m596 antibody (UNC) was used to quantify the amount of CFTR produced and assess the degree of processing (C/C+B ratio). Ussing chambers were used to measure short circuit currents (I~sc~) after activation of CFTR chloride transport by forskolin (10μM), stimulation by VX‐770 (10μM) and inhibition by inh172 (10μM). Effect of correctors was measured after 24h incubation with VX‐661 (3μM), VX‐809 (3μM), or equal volume DMSO. R334W and T338I expressed fully processed CFTR indistinguishable from WT while I336K and R347P showed reduced protein levels and processing, as reported in FRT and HeLa cells. In contrast to the FRT cells, all TM6 variants tested generated forskolin‐stimulated currents ranging from 2%‐8% of WT, consistent with the mild clinical presentation of patients with these variants. Unlike most partially functional CFTR variants, the TM6 variants demonstrated minimal response to VX‐770; consistent with data from FRT cells. Notably, the response of TM6 variants to correctors VX‐661 and VX‐809 was not consistent across these variants: R334W, T338I, and R347P showed no change in protein folding, processing, or I~sc~ or significant response to either corrector. In contrast, using I336K cells, incubation with corrector (VX‐661 or VX‐809) increased protein levels from 5% (DMSO) to 60% (VX‐661) and 100% (VX809) of WT and increased C/C+B ratio from .33 (DMSO) to .84 (VX‐661) and .88 (VX‐809). Forskolin‐stimulated chloride current increased from 8% (DMSO) of WT to 25% (VX‐661) and 31% (VX‐809). VX‐770 further increased currents, resulting in total currents of 56% of WT (VX‐661) and 74% (VX‐809).

In the case of I336K, correction of protein folding to generate properly processed CFTR significantly improved conductance and VX‐770 response. But this was in stark contrast to R334W, T338I, and R347P, which demonstrated no increase in conductance or response to VX‐770 even though they are able to generate properly processed CFTR. Inspection of the location of all 3 nonresponder residues revealed that each is predicted to line the channel pore and actively participate in ion conductance while no such evidence has been published suggesting the same for I336K. We hypothesize that CFTR variants of residues directly involved in ion conductance comprise a unique theratype that may require a new class of molecular therapy.
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**DEEP RESEQUENCING OF ***CFTR*** IN 762 F508DEL HOMOZYGOTES REVEALS CLUSTERS OF NON‐CODING VARIANTS ASSOCIATED WITH SWEAT CHLORIDE CONCENTRATION AND LUNG FUNCTION**

[Vecchio‐Pagán, B.]{.ul} ^1^; Blackman, S.M.^1^; Lee, M.^1^; Atalar, M.^1^; Pellicore, M.^1^; Pace, R.G.^2^; Franca, A.^1^; Raraigh, K.S.^1^; Knowles, M.R.^2^; Cutting, G.R.^1^ *1. Institute of Genetic Medicine, Johns Hopkins University School of Medicine, Baltimore, MD, USA* *; 2. University of North Carolina Chapel Hill, Chapel Hill, NC, USA*

Extensive phenotypic variability is observed in CF patients homozygous for the common CF‐causing variant F508del. To determine whether variants at the *CFTR* locus contribute to this phenotypic variability and also to inform the search for small molecule therapies which target F508del *CFTR*, we have systematically investigated genetic variation present on CF alleles bearing F508del. Our overarching goal was to identify any variants or combination of variants that modify disease severity associated with the F508del mutation.

We performed deep re‐sequencing of intragenic and extragenic regions surrounding *CFTR* in 1524 F508del chromosomes. In phase 1, 200kb encompassing *CFTR* and extending 10 kb 5\' and 5 kb 3\' of the gene was sequenced in 486 F508del homozygotes selected from the extremes of sweat chloride concentration. In phase 2, a 510 kb region which included the entire topologically associated domain of *CFTR* was sequenced in 276 F508del homozygotes drawn from extremes of lung function. A total of 1388 variants was observed; of these, 602 common variants (MAF\>1%) were tested for association with sweat chloride concentration or lung function. Single variant association testing did not reveal significant associations with either trait.

To increase power to detect rare variant associations in this cohort, a region‐based burden assay using the SKAT‐O algorithm was performed to identify groupings of variants which associated with trait variation. Variants were tested for association with sweat chloride or lung function in groups defined by a series of overlapping 5kb windows (offset in 1250bp increments) with each window generating a test P‐value. All P‐values have been Bonferroni corrected for multiple testing based on the total number of unique windows assayed. Testing of common and rare variants revealed seven regions of significance (P\<0.01), five of which overlapped known regulatory elements or chromatin interactions. Notably, one region was associated with both sweat chloride concentration (chr7:117039250‐117053000; P=5.9e‐4) and lung function (chr7:117030500‐117050000; P=8.9e‐3). This region is 80kb upstream of *CFTR*, and has been shown to interact with the *CFTR* promotor in chromatin interaction studies. Three additional regions were associated with sweat chloride concentration only (chr7:116941750‐116951750, chr7:117074250‐117078000, chr7:117153000‐117156750; P=7.1e‐3, P=3.3e‐3, P=5.8e‐3). Two additional regions were associated with lung function only (chr7:117010500‐117014250, chr7:117159250‐117164250, hg19; P=5.8e‐3, P=3.3e‐3).

Collectively, our findings suggest a combination of rare and common variation within known and suspect regulatory regions at the *CFTR* locus may contribute to the phenotypic heterogeneity observed in F508del homozygous patients. Variants at these loci may modify *CFTR* expression levels and/or timing of expression, and should inform future studies of the regulatory architecture of the *CFTR* locus and rational design of F508del specific molecular therapies.

Supported by CFF and NIH.
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**EXPERIENCES WITH THE ***CFTR*** D1270N VARIANT ON ILLINOIS STATE NEWBORN SCREENING**

[Bac, C.]{.ul}; Goetsch, A.; Bichl, S.; Levy, H. *Ann & Robert H. Lurie Children\'s Hospital of Chicago, Chicago, IL, USA*

**Introduction:** Cystic fibrosis (CF) newborn screening (NBS) was introduced in the state of Illinois in 2008 as a combined immunoreactive trypsinogen (IRT) measurement and *CFTR* mutation panel approach. During this time, three different molecular screening panels have been used by the state of Illinois: Tepnel CFUS‐44 (3/2008‐ 4/2010), INNOGENETICS (4/2010‐ 12/2012), and Hologic 40+4 (12/2012‐present). With the implementation of the current Hologic 40+4 panel, infants in the state of IL with an IRT measurement in the top 4% of specimens for the day were screened for the D1270N variant. The D1270N variant was originally described as a mild mutation associated with congenital bilateral absence of the vas deferens (CBAVD) in men. However, further evaluations have introduced the possibility that this variant is more likely a benign polymorphism that is not disease‐causing in most individuals unless it is paired with other CF mutations on the same allele. Specifically, recent studies indicate a triple complex allele including the D1270N, R74W, and V201M variants may be responsible for the disease phenotype.

**Methods:** A database was established at the onset of CF NBS to track outcomes of infants seen at Ann & Robert H. Lurie Children\'s Hospital in follow‐up of a positive CF NBS. Retrospective chart review was performed on all infants with an abnormal CF NBS who received follow‐up care at our institution since December 2012 (using the current Hologic 40+4 molecular screening panel). Descriptive statistics were performed.

**Results:** Since implementing the current Hologic 40+4 panel in December 2012, 351 infants were referred to Ann & Robert H. Lurie Children\'s Hospital of Chicago for follow‐up of a positive CF NBS. Of the total 351 infants, 17% (n=60) were identified to be heterozygous for the D1270N variant without a second mutation. All 60 heterozygote carriers of the D1270N variant had a normal follow‐up sweat test. Four additional infants were identified to carry the D1270N variant in combination with a known CF mutation. Of those four infants, three had a normal follow‐up sweat test and one had a positive sweat test (101 and 93), followed by 2 intermediate sweat tests (48 and 49; 48 and 54) and has a current diagnosis of CFTR‐related metabolic syndrome (CRMS). Of note, this infant was subsequently determined to have a triple complex allele (R74W/D1270N/V201M) in addition to a known CF mutation. Full gene sequencing was offered to the remaining three families despite normal sweat testing. Two families declined additional genetics. The remaining infant was also found to carry the triple complex allele in combination with an R117H mutation.

**Conclusion**: Overall, these findings are consistent with previous studies regarding the classification of the D1270N variant. Given the emotional duress associated with a positive CF NBS, which is well established in the literature, reconsideration should be given to the value of including infants who are heterozygous for the D1270N variant (in the absence of a known CF mutation) in the positive CF newborn screen pool.
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**CORRELATION OF ***ABCC1*** PROMOTER POLYMORPHISM TO CYSTIC FIBROSIS LUNG DISEASE**

[Ideozu, E.J.]{.ul} ^1,5^; Cao, Y.^4^; Ashrafi, Z.^1^; Johnson, K.^1,5^; Hessner, M.^4^; Simpson, P.^4^; McColley, S.A.^1^; Levy, H.^1,3,5^ *1. Ann & Robert H. Lurie Children\'s Hospital of Chicago, Chicago, IL, USA* *; 3. Northwestern University, Chicago, IL, USA* *; 4. Children\'s Hospital of Wisconsin, Medical College of Wisconsin, Milwaukee, WI, USA* *; 5. Stanley Manne Children\'s Research Institute, Chicago, IL, USA*

**Introduction:** The *ABCC1* gene has close structural and functional association with *CFTR* gene with increased expression thought to play a role in disease manifestations in cystic fibrosis (CF), an inherited multisystem disease characterized by progressive deterioration in lung function and pancreatic insufficiency attributed to dysfunction of a single gene encoding the cystic fibrosis transmembrane conductance regulator (*CFTR*). The correlation between *CFTR* genotype and clinical severity is poor with regard to CF lung disease with a variable clinical course even in patients with the same *CFTR* mutation, suggesting that modifier genes and/or epigenetic modification impact disease severity.

**Objective:** Analyze *ABCC1* promoter SNP and methylation status among CF probands, siblings and parents with differing *CFTR* genotypes and correlate with severe lung disease as defined by change in forced expiratory volume in 1 second (FEV1), response to antibiotics, sweat chloride levels and time to diagnosis and *CFTR* genotype.

**Methods:** We analyzed 400 probands with CF, their siblings and parents followed at Children\'s Hospital of Wisconsin and Lurie Children\'s CF center. Symptom and medication histories were recorded via questionnaire and entered into a database and validated in Red Cap using CF Foundation Patient Registry information. Data on \>300 variables are collected, including patient demographics, sweat chloride levels, age at diagnosis, growth, lung function, respiratory microbiology, and CF therapies. All participants were genotyped at the rs504348 SNP and methylation status analyzed. For the siblings, analyses incorporating generalized estimating equations to account for the relatedness between sibling pairs; all other analyses used logistic regression for association analysis.

**Results:** Plasma‐induced transcriptional profiles of CF patients with *CFTR* mutations displayed differential expression of *ABCC1* (\|log~2~ ratio\| ≥ 0.5 (1.4‐fold); FDR ≤ 0.01) among probands, sibling and parents suggesting that other genetic and environmental factors influence the CF phenotype. Ongoing work is now targeted at deriving genetic and epigenetic data of the *ABCC1* promoter region in all 400 CF probands, siblings and parents using our developed molecular‐based methods.

**Conclusion**: *ABCC1* is a subfamily C member of the ATP‐finding cassette (ABC) transporter genes. While *CFTR* is unique among the ABC subfamily C members of transporters due to its intrinsic ability to conduct chloride ion at a much faster rate, it shares the closest homology with *ABCC1* and known to interact with *CFTR*. SNP rs rs504348 falls in the putative promoter for the gene suggesting regulatory effects in its expression and correlation with lung disease severity. Future studies will involve *ABCC1* analysis in the context of chromatin states, DNase hypersensitivity and transcription factor binding data enabling us to associate a potential functional SNP of *ABCC1* that influences its expression levels with disease severity.
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**INCREASING CFTR GENE EXPRESSION USING SYNTHETIC TRANSCRIPTIONAL ACTIVATORS**

Mendenhall, E.^1,2^; [Coppola, C.J.]{.ul} ^1^; Lawlor, J.^1^ *1. University of Alabama at Huntsville, Huntsville, AL, USA* *; 2. HudsonAlpha Institute for Biotechnology, Huntsville, AL, USA*

The spatial and temporal regulation of the cystic fibrosis transmembrane conductance regulator gene (*CFTR*) in endoderm‐derived cell types is tightly regulated. The same cell type, such as lung epithelium, can show dynamic differences in RNA levels during development. Additionally, based on RNA‐seq expression values (reads per kilobase per million, or RPKM) in adult epithelial tissues, CFTR is expressed at a broad range of levels, from low in lung epithelial (RPKM 1‐6) to modest expression in pancreatic epithelial (RPMK 40) and at intermediate levels in salivary gland and colon tissues (8‐15 RPMK). This low expression of CFTR in lung tissues leads to fewer CFTR proteins to be corrected pharmacologically with existing and future therapies. Therefore methods to increase the amount of CFTR RNA, and thus CFTR protein would increase the pool of "correctable" proteins by small molecules.

We have combined a synthetic DNA binding protein Crispr associated protein 9 (dCas9) with enzymes that activate transcription of a target gene. The advantages of a synthetic approach is that it allows for specific and robust activation without relying on endogenous co‐factors. We have utilized CRISPR/dCas9 based methods to synthetically upregulate CFTR expression in both adult lung epithelium cell lines (A549 and Calu3) and to a lesser extent in pancreatic (CAPAN1) cell lines. Currently we are exploring the "tunability" of this synthetic CFTR activation method, to determine if we can predictably control the amount of CFTR RNA produced in different epithelial cell types. These results show an alternative method for CFTR modulation as well as an avenue for better quantitative understanding of CFTR mRNA levels on cellular function.

**MODEL SYSTEMS**
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**MUCOCILIARY DIFFERENTIATION OF NASAL AIRWAY EPITHELIAL CELLS USING SMALL MOLECULES**

[Amatngalim, G.D.]{.ul}; Zomer‐van Ommen, D.D.; Kruisselbrink, E.; de Winter ‐ de Groot, K.M.; van der Ent, C.K.; Beekman, J. *Department of Pediatric Pulmonology, Wilhelmina Children\'s Hospital, UMC Utrecht, Utrecht, Netherlands*

**Introduction:** Air‐liquid interface (ALI) cultures of mucociliary differentiated airway epithelial cells are a well‐established model to determine CFTR function and CFTR modulator responses. The nasal turbinates are an easy accessible source of airway epithelial cells. However, despite reports using nasal airway epithelial cells (NAECs), the differentiation of these cells in ALI‐cultures is less efficient compared to lower airway epithelial cells. Therefore, we aimed to optimize the differentiation of NAECs in ALI‐cultures using the small molecules: TTNPB, Y‐27632, and A83‐01. This study is part of the HIT‐CF program.

**Methods:** Bronchial airway epithelial cells (BAECs) were obtained from tumor‐free lung resection material. NAECs were obtained from nasal brushings. Airway epithelial basal cells (p63^+^ and KRT5^+^) were isolated from donor material, and expanded using mitotically inactivated mouse fibroblast feeder cells. ALI‐culturing of expanded cells was performed as previously described (Amatngalim GD, et al. J Immunol. 2015;194(7):3340‐50). Instead of retinoic acid we used the small molecule TTNPB, a highly potent retinoic acid analog. Moreover, we used the ROCK inhibitor Y‐27632 during the submerged culturing phase, and explored the effect of TGF‐beta inhibition using the inhibitor A83‐01.

**Results:** BAECs were efficiently differentiated in combination with TTNPB. In contrast, NAECs did not reach full confluency during the submerged phase or displayed a long stretched squamous morphology upon 1‐2 weeks of ALI culturing. Including Y‐27632 and A83‐01 during the submerged phase of culturing drastically improved NAECs confluency, with monolayer that displayed a similar cuboidal cell morphology as BAECs cultures. Moreover, including A83‐01 in combination with TTNPB during the ALI‐phase increased the transepithelial electrical resistance and prevented the occurrence of squamous cells. Mucin deposition in the apical compartment and ciliary beating was observed after 3 weeks of culturing.

**Conclusion:** Replacing retinoic acid with TTNPB, and including Y‐27632 and A83‐01 improves mucociliary differentiation of NAECs to a similar extent as BAECs. The improved protocol using a novel combination of small molecules can be used for efficient differentiation of NAECs and usage of these cells for CFTR function measurements.
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**NEC SPHERE SWELLING RELIABLY QUANTIFIES CFTR FUNCTION AND MODULATION**

[Brewington, J.]{.ul}; Filbrandt, E.; Ostmann, A.J.; Clancy, J.P. *Pediatric Pulmonary Medicine, Cincinnati Children\'s Hospital Medical Center, Cincinnati, OH, USA*

**Introduction:** Novel CF therapies can correct molecular defects in a limited number of CFTR mutations. Expanding these drugs to patients with rare/novel mutations will be facilitated by patient‐derived model systems quantifying CFTR restoration. Models based on nasal epithelial cells (NECs) may provide a noninvasive and portable option for modulator testing. We sought to develop a reliable NEC‐derived model system to quantify CFTR function and modulation.

**Methods:** NECs obtained by inferior turbinate curettage in healthy volunteers (n=6) and patients with CF (n=14) were expanded to confluence in conditional reprogramming culture conditions as previously described (Liu X, et al. Am J Pathol. 2012;180:599‐607). Passaged cells were suspended in matrigel and fed daily with ultroser‐G airway differentiation media until mature (10 ± 4 days). Mature spheres were imaged in an incubated chamber before and after stimulation with forskolin/IBMX (10/100μM) to raise cAMP and activate CFTR. Luminal area of pre‐ and post‐stimulation spheres was measured, and percent change was calculated (n=10‐20 spheres per condition).

**Results:** NEC spheres form within 3‐4 days of plating and reliably polarize with the apical cell surface towards the sphere lumen. Spheres demonstrate markers of a mature respiratory epithelium, including luminal cilia/mucus secretion, tight junctions, and CFTR. Across all donors/conditions, stimulation of functional CFTR led to luminal ion/fluid secretion and sphere swelling, while stimulation of dysfunctional CFTR led to reduced swelling or shrinking. Specifically, wtCFTR spheres swelled (+19.1 ±5.0%) with stimulation, but shrank when stimulated after treatment with the CFTR inhibitor Inh172 (10μM; ‐15.5 ±5.9%, n=6 donors; p\<0.001). Untreated F508del homozygous spheres shrank with stimulation (‐13.9 ±5.3%), with reversal to swelling when pretreated with VX‐809 (3μM; +7.9 ±4.7%; n=6 donors; p\<0.01) or when incubated at 27^o^C (+26.6 ±4.4%; n=1 donor, p=0.01). These trends were recapitulated in spheres derived from wt and F508del CFTR LAECs.

Spheres with partial‐function mutations swelled intermediately to non‐CF controls and F508del/F508del spheres (+2.5 ±3.4%, n=6 donors). Spheres heterozygous for a gating mutation (F508del/G178R) showed increased swelling following stimulation when treated with VX‐770 (1μM; +18.9 ±3.5% vs +5.8 ±5.3% without VX‐770; p=0.04). Spheres from two patients each with one copy of F508del and a second processing mutation responded robustly to VX‐809 and VX‐770 (I618T: +29.1 ±5.5% vs baseline +2.9 ±6.4%, p=0.001; I507del +13.3 ±3.5% vs baseline ‐4.2 ±3.0%, p=0.002).

**Conclusions:** Human NEC spheroids are able to reliably differentiate a spectrum of CFTR activity from normal (wtCFTR) to partial or near‐absent (F508del homozygotes) function. Spheres from patients homozygous for F508del or with a gating mutation responded to appropriate modulators, recapitulating clinical efficacy in an ex vivo model system. Additionally, spheres from select patients with rare CFTR mutations responded robustly to available modulators, suggesting a potential gateway to logically assess therapy for these patients. This model holds promise for personalized testing of CFTR modulators to drive therapeutic evaluation.

Supported by CFFT.
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**VISCOELASTIC PROPERTIES OF MUCUS WITHIN AIRWAY ORGANOID MODELS PREDICT OUTCOMES OF CYSTIC FIBROSIS THERAPEUTICS**

[Mellnik, J.]{.ul} ^1^; Quinney, N.^2^; Boyles, S.^2^; Kucera, K.^1^; Forest, M.^3,1^; Gentzsch, M.^2,4^ *1. Path BioAnalytics, Inc., Chapel Hill, NC, USA* *; 2. Marsico Lung Institute, UNC‐Chapel Hill, Chapel Hill, NC, USA* *; 3. Applied Mathematics and Biomedical Engineering, UNC‐Chapel Hill, Chapel Hill, NC, USA* *; 4. Cell Biology and Physiology, UNC‐Chapel Hill, Chapel Hill, NC, USA*

**Introduction:** Cystic fibrosis (CF) is caused by mutations in the *CFTR* gene that result in a lack of functional CFTR channels that transport Cl^‐^ and HCO~3~ ^‐^ across the apical membrane of epithelial tissue. CF airways are characterized by diminished hydration of epithelial surfaces, altered mucus viscoelasticity and impaired mucociliary clearance. Enhancing surface hydration facilitates airway clearance by improving viscoelastic properties of mucus. Currently, accurate and relevant preclinical models that predict rescue of mucus properties by CF therapeutics are not available. We utilized measurements of viscoelastic mucus properties of nasal and bronchial organoids to predict the outcome of pharmacological treatments, thus offering advanced, translational models for preclinical testing.

**Aims:** Research and development involving CFTR modulator compounds is rapidly accelerating. In addition to CFTR‐targeting drugs, epithelial Na^+^ channel (ENaC) inhibitors and mucolytics may benefit CF patients by affecting CF airway hydration and mucus structure and composition. The goal of this study is to develop and utilize preclinical assays leveraging nasal and bronchial organoids to obtain insight into the activities of these agents on CF mucus viscoelasticity and transport in CF. Furthermore, we evaluate properties of organoid mucus as personalized measures of disease severity.

**Methods:** Changes in viscoelastic properties of nasal and bronchial spheroid mucus were determined utilizing particle tracking microrheology (PTM). Fluorescent, passive tracer particles were introduced into the lumen of spheroids, videos of tracer particle motion were obtained and the frequency‐dependent viscoelastic properties of each tracer particle\'s local environment were calculated as we have described recently (1‐4).

**Results:** For particle tracking microrheology measurements in spheroids, we demonstrated that fluorescent microspheres can be delivered to the spheroid lumen either by co‐culture or injection and tracked to assess alteration of mucus viscoelastic properties upon activation of CFTR. Our results clearly indicate that CFTR function affects mucus viscoelastic properties. Activation of CFTR function resulted in both decreased mucus viscosity and elasticity across a broad range of biologically relevant frequencies as compared to vehicle controls.

**Conclusions:** Viscoelastic properties of organoid mucus are a precise, biologically‐relevant predictor of clinical efficacy of ion channel‐ and mucus‐targeting pharmacological treatments. Implementation of our preclinical organoid mucus assay will allow accurate prediction of clinical outcomes of CF drugs, which is essential for identifying successful therapies individually tailored to treat all CF patients.

Supported by NIH and CFF.
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**CREATION OF A PANEL OF CFTR MUTATIONS IN MOUSE USING THE CRISPR/CAS GENE EDITING SYSTEM**

Valerio, D.^1^; Wilson, A.^1^; Vitko, M.^1,2^; McHugh, D.^1,2^; Cotton, C.^1^; Conlon, R.^2^; Miron, A.^2^; Drumm, M.L.^1,2^; [Hodges, C.A.]{.ul} ^1,2^ *1. Pediatrics, Case Western Reserve Univ., Cleveland, OH, USA* *; 2. Genetics and Genome Sciences, Case Western Reserve Univ., Cleveland, OH, USA*

**Rationale:** CF mouse models are widely used in CF research and recapitulate many disease manifestations of CF observed in patients including disease aspects of the gastrointestinal, immune, pulmonary, epithelial, endocrine and reproductive systems. Since the publication of the first CF mouse model in 1992, there have been at least 15 CF mouse models published and utilized by the CF research community to provide new understanding of CF and the ability to test therapeutic strategies in vivo. While all of these CF mouse models have proved useful, conventional gene targeting methods had deficiencies that included the use of selectable markers, affecting *Cftr* expression, and did not allow for gene targeting on a desired genetic background, leading to a lengthy process. In the last few years, a new gene editing system, CRISPR/Cas, has been utilized to create specific gene mutations faster and without the issues of conventional gene targeting. The aim of this study was to utilize the CRISPR/Cas system to make three common mutations in mouse *Cftr* to be utilized for in vivo studies by the CF research community.

**Methods:** To create the three *Cftr* mutations (*F508del, G542X* and *G551D*), guide RNAs (gRNA), that direct the Cas9 nuclease to a specific DNA sequence, were evaluated utilizing an in vitro transcription and screening system. Optimal gRNAs, Cas9 and oligonucleotides carrying the desired *Cftr* mutation were injected into one‐cell mouse embryos from the C57Bl/6J background and implanted in pseudo‐pregnant mice by the CWRU Transgenic and Targeting Facility. DNA from the resulting pups of these three lines were sequenced using next generation sequencing with a MiSeq instrument allowing for the accurate identification of mutations present. We identified and mated founders to create lines for the *F508del, G542X* and *G551D* mutations.

**Results:** For the creation of the *F508del* strain, we identified 9 of 45 mice (20%) with *Cftr* mutations and 2 of these 9 containing the *F508del* mutation. For the creation of the *G542X* strain, we identified 16 of 22 mice (73%) with *Cftr* mutations and 9 of these 16 containing the *G542X* mutation. For the creation of the *G551D* strain, we identified 30 of 36 mice (83%) with *Cftr* mutations and 1 of these 30 containing the *G551D* mutation. The *F508del* strain displays reduced CFTR function but with mild CF manifestations similar to the *Cftr* ^*tm1Eur*^ mouse. Intestinal short‐circuit current was measured in intestinal sections and was significantly reduced in *F508del* mice compared to wild‐type mice (84.2±8.3 vs. 177.8±26.5 μA/cm^2^; P\<0.05). Weight of the *F508del* mice was reduced at all ages compared to wild‐type (P\<0.05) but survival was similar. The CF manifestations in the *G542X* and *G551D* strains are currently being assessed.

**Conclusions:** We have created three *Cftr* mutations (*F508del, G542X* and *G551D)* in the mouse utilizing the CRISPR/Cas gene editing system. These mutations were created at a high rate and in a short time period compared to conventional gene targeting methods. These models will be useful for the in vivo testing of CFTR‐directed therapies and strategies.
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**MUCOINFLAMMATORY BRONCHIECTASIS IN CYSTIC FIBROSIS FERRETS DOES NOT REQUIRE INFECTION**

[Rosen, B.H.]{.ul} ^1,2^; Evans, T.^2^; Keiser, N.W.^2^; Swatek, A.^3^; Zhang, Y.^2^; Gibson, S.^2^; Anderson, P.J.^2^; Brooks, L.^3^; Parekh, K.^3^; Harris, K.^4^; Engelhardt, J.^1,2^ *1. Internal Medicine, University of Iowa, Iowa City, IA, USA* *; 2. Anatomy and Cell Biology, University of Iowa, Iowa City, IA, USA* *; 3. Surgery, University of Iowa, Iowa City, IA, USA* *; 4. Pediatrics, University of Colorado, Aurora, CO, USA*

**Background:** The development of bronchiectasis in CF patients is thought to occur as a result of life‐long cycles of infection and inflammation. Symptomatic treatment with antibiotics has significantly prolonged the life of CF patients; however, the emergence of multiple antibiotic‐resistant strains still plague CF clinical care. The CF ferret model provides the opportunity to study the development of bacterial antibiotic resistance and bronchiectasis in an experimental setting free from preexisting multidrug resistant bacterial strains.

**Methods:** A mature 1‐3 year old cohort of 7 CFTR‐KO ferrets and age/treatment‐matched controls were maintained from birth on combination antibiotics twice daily (piperacillin/tazobactam 4 mg/kg, enrofloxacin 10 mg/kg, and metronidazole 20 mg/kg) and underwent longitudinal bronchoscopic collection of bronchoalveolar lavage fluid (BALF) along with high‐resolution CT imaging. Imaging was quantified in a standardized fashion and incorporates data from more than one scan for each animal. BALF was assayed for culturable bacteria (CFU/mL) and interrogated for 16S rDNA bacterial genomes by means of qPCR. Fungal pathogens are undergoing investigation using selective culture methods and qualitative PCR on BALF samples.

**Results:** CT imaging of this cohort demonstrates the development of severe structural lung disease consistent with bronchiectasis in the CF ferrets. When compared to age/treatment‐matched controls, CF cartilaginous airways were larger than adjacent vessels (ratio 1.220 vs 0.893, p=0.0003), extended closer to the pleura (0.697mm vs 3.110mm, p=0.002), and the bronchial wall was thicker in the upper lobes (1.260mm vs 0.929mm, p=0.00002). Imaging of untreated wild‐type ferrets demonstrated no differences in endpoints with treated non‐CF controls. BALF from CF and control animals over a prolonged period of time reveals that the bacterial burden was not different with the exception of one CF animal that was transiently colonized on two sequential BALF collections after which the infection spontaneously resolved. In the total cohort, the bacterial burden by CFU/mL or 16S rDNA bacterial genome quantification was not significantly different (p=0.3594 and 0.3541, respectively). Severe mucus plugging of the lungs of one CF ferret occurred twice and was treated with a novel mucolytic PAAG (Synedgen Inc). Subsequent aerosolized PAAG treatment of this animal prevented reoccurrence. Neutrophil counts in the BALF of CF animals were elevated and proteomics analysis of the BALF demonstrated enhanced mucus and inflammatory proteins in CF animals.

**Discussion:** These results suggest that CF bronchiectasis can evolve in the absence of bacterial colonization. We hypothesize that mucus impaction secondary to impaired clearance enhances inflammation, even in the absence of bacterial infection, and that this process can lead to structural changes in the CF lung.
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**PULMONARY PHENOTYPE OF CYSTIC FIBROSIS MICE AS A MODEL OF EARLY CF**

[Barbato, E.S.]{.ul}; Litman, P.M.; Darrah, R.M. *Case Western Reserve University, CLEVELAND, OH, USA*

**Background:** Altered pulmonary function, such as diminished expiratory flow rate and volume, is present in the early stages of cystic fibrosis (CF) disease development, independent of documented infections or the onset of pulmonary symptoms. New initiatives in clinical care have broadened disease detection and characterization during this early‐stage window, but potential, therapeutic intervention is still challenged by an incomplete understanding of the pathophysiology in the early‐CF lung. Thus, animal models are needed which effectively recapitulate the pulmonary phenotype characteristic of early‐stage disease.

**Methods:** We investigated young CF mice to determine if they exhibit a pulmonary phenotype consistent with early CF lung disease. Pulmonary mechanics were examined in 12‐16 week old congenic C57bl/6, F508del, and R117H CF mice using a forced oscillation technique (flexiVent). Gross histological measurements of large and small airways were quantified via light microscopy, and alveolar ducts and sacs in the distal airspace were calculated and reported as a Mean Linear Intercept (MLI).

**Results:** There were no significant differences in the resistance, or in the measured luminal diameter of the large airways (bronchioles (p=0.50), terminal bronchioles (p=0.93) and respiratory bronchioles (p=0.84)). However, in both CF mouse models, prominent differences in the mechanical properties of the peripheral lung compartment were identified. Static lung compliance was decreased in both F508del (0.038±0.003 mL/cmH~2~O; p=0.003) and R117H (0.033±0.003 mL/cmH~2~O; p\<0.001) compared to wild‐type (WT) controls (0.045±0.003 mL/cmH~2~O). Tissue elastance was increased in both F508del (23.6±1.9 cmH~2~O/mL; p=0.040) and R117H (28.6±3.3 cmH~2~O/mL; p\<0.001) compared to WT (19.8±1.9 cmH~2~O/mL). Tissue damping was also increased in both CF models (F508del (4.80±0.43 cmH~2~O/mL; p=0.001) and R117H (4.84±0.22 cmH~2~O/mL; p=0.001), compared to WT (3.97±0.34 cmH~2~O/mL)). Lastly, CF mice exhibited distal airspace enlargement with a significantly increased mean linear intercept in F508del (21.1±3.3 mm; p\<0.005), and R117H (22.1± 1.7 mm; p\<0.005) compared to WT (13.8±1.7 mm).

**Conclusions:** The peripheral lung of young CF mice, carrying two independent *Cftr* mutations, demonstrated an impaired ability to stretch and expand, while revealing no measurable differences in the large, conducting airways. Furthermore, there were significantly increased distances between gas exchange surfaces in the alveolar sacs and ducts in the CF mouse parenchyma. These findings are consistent with the early development of disease in the peripheral lung compartment in the absence of infection or inflammatory symptoms, and provide a compelling framework for establishing the CF mouse model as a representative of the early lung phenotype in CF patients.
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**LOW BETA‐ADRENERGIC SWEAT REPONSES IN CF AND CRMS CHILDREN**

[Salinas, D.B.]{.ul} ^1^; Kang, L.^3^; Azen, C.^2^; Quinton, P.M.^4,5^ *1. Pediatric Pulmonology, CHLA‐USC, Los Angeles, CA, USA* *; 2. Biostatistics, University of Southern California, Los Angeles, CA, USA* *; 3. Keck School of Medicine, University of Southern California, Los Angeles, CA, USA* *; 4. Pediatrics, University of California, San Diego, San Diego, CA, USA* *; 5. Pediatrics, University of California, Riverside, Riverside, CA, USA*

A test of β‐adrenergically stimulated sweat secretion provides a real time assay based on the function of the cystic fibrosis transmembrane conductance regulator (CFTR) that discriminates between cystic fibrosis (CF) patients and healthy controls. Therefore, we sought to determine the feasibility, safety, and efficacy of assaying β‐adrenergic sweating in children identified in newborn screening to help determine prognoses for individuals with CFTR‐related metabolic syndrome (CRMS).

**Methods:** Preschool age children with a positive newborn screening test for CF participated in this cross‐sectional study. Sweat rates were measured by evaporimetery (cyberDERM inc.) as transepidermal water losses (kg H~2~O/M^2^/hr) before and after selectively stimulating sweat glands either cholinergically or β‐adrenergically. Net peak sweat responses assayed as evaporation rates were compared between CF and CRMS cohorts.

**Results:** After a pilot test in adults, children between 4 to 6 years of age were evaluated (CF n=16, CRMS n=10). The test protocol was well tolerated; electrocardiograms and vital signs were within normal range for all subjects. The mean evaporative sweat rates in both groups in response to cholinergic stimulation were similar (CF 60.3±23.8; CRMS 57.7±13.9; p = 0.72) as well as to β‐adrenergic stimulation (CF 1.1±1.7; CRMS 2.0±2.0; p = 0.14).

**Conclusions**: The β‐adrenergic sweat test was safe and well tolerated by young children. However, the β‐adrenergic sweat secretion rates as measured by evaporimetery were too small to discriminate between CF and CRMS cohorts.
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**TARGETED KNOCKDOWN OF NEDD4L IN AIRWAY EPITHELIAL CELLS WITH ANTISENSE OLIGONUCLEOTIDES ESTABLISHES AN ADULT‐ONSET CYSTIC FIBROSIS MOUSE MODEL**

[Zhao, C.]{.ul}; Crosby, J.; McCaleb, M.; Guo, S.; Monia, B.P. *Drug Discovery, Ionis Pharmaceuticals, Carlsbad, CA, USA*

**Introduction:** Mouse models of human disease are powerful tools which enable the study of complex mechanisms and the evaluation of potential novel therapies. Unfortunately the CFTR deficient mouse does not develop spontaneous lung disease. There are two mouse models that result in a CF‐like lung disease due to upregulation of ENaC in airway epithelial cells (AEC). It has been hypothesized that ENaC hyperactivity leads to mucus dehydration and accumulation in CF patients. Increased ENaC levels in the lungs, (Mall M, et al. Nat Med. 2004;10:487‐493) and deletion of Nedd4L, the ubiquitin ligase which controls the levels of ENaC on the cell surface in airway epithelial cells (AECs), has been demonstrated to increase levels of ENaC expression which results in cystic fibrosis‐like disease (Kimura T, et al. PNAS. 2011;108;8:3216‐21). The AEC specific knockout of Nedd4L results in ASL depletion, reduced mucus transport, goblet cell metaplasia and mucus accumulation, massive inflammation, fibrosis and death by 3 weeks of age. We have evaluated an antisense strategy for the establishment of an adult‐onset cystic fibrosis mouse model.

**Objective:** To target Nedd4L in AECs by antisense oligonucleotide (ASO) delivery to the lung in adult mice with the goal of creating a late onset mouse model for cystic fibrosis.

**Methods:** We identified several Nedd4L specific ASOs and assessed their effectiveness for reducing target mRNA levels in cell culture. The most potent ASOs were then tested by intratracheal (I.T.) instillation into the lungs of adult mice. Lungs were fractionated on density gradients and mRNAs for Nedd4L and several genes involved in mucus production were assessed by RT‐PCR. ENaC protein levels were determined by Western analysis. Lungs were processed for histopathology.

**Results:** Delivering Nedd4L specific ASOs directly into the lungs of normal adult mice by I.T. administration once a week for six weeks resulted in 80‐90% Nedd4L RNA knockdown and a 3‐fold increase in ENaC protein which began increasing as early as 3 days after the initial Nedd4L ASO dose. RNA levels for mucus markers, including Gob5, FOXa3, SPDEF, AGR2 and MUC5B, were all significantly increased by Nedd4L ASO treatment. PAS‐stained lung sections from a time‐course of Nedd4L ASO‐treated mice demonstrate that goblet cell number and mucus accumulation begins after 3 doses of ASO and reaches maximum levels at ˜6 weeks (6 doses). Inflammation is also increased throughout the lung by 6 weeks. The ability of the Nedd4L ASO to induce goblet cell metaplasia is a specific effect as a control ASO has no effect. In addition, we tested the ability of the Nedd4L ASOs to induce airway hyperresponsiveness (AHR) and find a dose responsive increase to methacholine compared to vehicle‐treated mice. Mice treated with Nedd4L ASO for 6 weeks followed by discontinuance of dosing, still exhibit lung histopathology and AHR at 9 weeks (3 weeks after stopping dosing).

**Conclusion:** Many of the endpoints observed in the Nedd4L knockout mice and CF patients are reproduced with this Nedd4L ASO‐induced model, therefore, this model may be useful for evaluating novel therapies in an adult onset CF‐like disease.

**155**

**CHARACTERIZATION OF BRUSHED HUMAN UPPER AND LOWER AECS TO DETECT AND QUANTIFY CFTR FUNCTION**

[Filbrandt, E.]{.ul}; Ostmann, A.J.; Brewington, J.; Strecker, L.; Clancy, J.P. *Pulmonary Medicine, Cincinnati Children\'s Hospital Medical Center, Cincinnati, OH, USA*

**Rationale:** Patient‐derived model systems are needed to examine activity of modulator agents for CF patients with rare CFTR mutations. Bronchial epithelial cell models can detect and quantify CFTR function and pharmacologic modulation, but obtaining these cells is invasive. A similar model system from brushed nasal cells is attractive due to the simplicity of sample procurement. We seek to determine the electrophysiological behavior of paired nasal and bronchial cells from CF patients, focusing on modulator impact on CFTR function.

**Methods:** Cells from CF patients were obtained from brushing the 2nd‐3rd generation bronchi and the inferior nasal turbinate and cultured on petri dishes with Y‐27632 media. Upon reaching confluence, cells were passaged onto collagen‐coated inserts and matured in Ultroser‐G media. Mature inserts were treated with VX‐809 or vehicle for 48‐72 hours and studied under voltage clamp conditions. Short circuit currents were monitored in Ussing chambers with baseline currents in symmetric Ringers buffer followed by apical exchange with low \[Cl^‐^\] buffer and addition of amiloride, forskolin/IBMX, VX‐770, and CFTR inh172 (all apical except apical/basolateral forskolin/IBMX).

**Results:** Nasal and bronchial paired brushings were provided by eight donors, with three paired results currently available to report. Baseline resistance for the control nasal cell monolayers was 913Ω\*cm^2^ (SD 645), and 1311Ω\*cm^2^ (SD 941) for the bronchial monolayers (p=0.22). Amiloride‐sensitive current for nasal monolayers was ‐52.6μA/cm^2^ (SD 39.2) and ‐118.7μA/cm^2^ (SD 54.2) for bronchial monolayers (p=0.002). The Table summarizes CFTR modulation.

**Conclusions:** Both brushed nasal and bronchial cell monolayers demonstrated stable resistance, variable baseline Isc and detectable amiloride‐sensitive Isc. VX809‐corrected CFTR currents were detected only in F508del expressing cells, and VX‐809‐corrected CFTR currents in homozygous F508del cells exceeded those in heterozygous F508del cells. The magnitude of F508del current correction with VX‐809 was greater in bronchial monolayers than nasal monolayers within subjects, but all pairs correlated well. While not identical in performance, nasal cell monolayers appear to be a suitable proxy for brushed bronchial cell monolayers to study CFTR modulation.

Supported by CFFT.
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**ROLE OF CF‐RELATED INCREASES IN MUCUS CONCENTRATION AND MUC5AC MUCIN EXPRESSION IN THE FAILURE OF COUGH‐MEDIATED CLEARANCE**

[Shenoy, S.K.]{.ul} ^1^; Subramani, D.B.^1^; Donaldson, S.H.^1^; Hill, D.B.^2^; Rubinstein, M.^3^; Boucher, R.C.^1^; Button, B.^1^ *1. Marsico Lung Institute, University of North Carolina ‐ Chapel Hill, Chapel Hill, NC, USA* *; 2. Physics & Astronomy, University of North Carolina ‐ Chapel Hill, Chapel Hill, NC, USA* *; 3. Chemistry, University of North Carolina ‐ Chapel Hill, Chapel Hill, NC, USA*

Cough clearance (CC) is an important airway defense mechanism which enhances the removal of accumulated mucus from our lungs. Clinical studies have revealed that CC is less effective in clearing mucus in people with CF, compared with healthy individuals. However, there is currently a gap in our knowledge of why CC is defective in CF, and what therapeutics can be used to increase CC. Our previous studies have demonstrated that in CF, dysregulation of ion transport (i.e. defective CFTR) leads to airway fluid depletion, mucin hyperconcentration, impaired mucociliary clearance (e.g. collapsed periciliary layer) and adhesion of the mucus to the airway surface layers. Furthermore, the properties of mucus are hypothesized to be heavily influenced by the two major gel forming mucins: MUC5B and MUC5AC. While non‐CF and healthy mucus is dominated by MUC5B, clinical studies have shown that MUC5AC expression is up‐regulated in CF patients during an acute exacerbation. Therefore, we hypothesized that CC is controlled largely by mucus concentration and is additionally dependent on the relative and absolute amount of MUC5AC. To study the effect of CF‐related concentration changes in mucus properties on cough clearance rates, we developed an in vitro cough machine which incorporates well‐differentiated human bronchial epithelial cultures within a custom chamber that we used to subject cultures to cough‐mimicking airflow velocities up to 35 meters per second. In these studies, we compared the effect of endogenous mucus over a range of mucus concentrations, spanning healthy to CF, as well as with exogenous mucus having different ratios of MUC5B to MUC5AC. The CC of mucus was captured by tracking the movement of particles embedded in the mucus layer with hi‐speed camera during 200 millisecond airflow pulses. Our results reveal that CC is critically dependent upon mucus concentration. We found that in healthy (non‐CF) mucus, cough produces substantially higher clearance rates of transport than cilia (800 vs. 60 μm/sec). However, our studies demonstrate that, like cilia‐mediated mucus clearance, the ability to clear mucus by cough is also significantly reduced when mucus becomes concentrated in CF. Our studies also showed that MUC5B‐dominated mucus is effectively cleared by cough, supporting the hypothesis that MUC5B is important for clearing mucus. However, CC was significantly reduced in MUC5AC‐dominated mucus at the same concentration. Finally, from a therapeutic prospective, we have used our novel devices to show that cough clearance can be accelerated by a combination of mucus hydrators (7% hypertonic saline) and reducing agents (DTT). Our results demonstrate the utility of our model system to robustly assay the parameters mediating CC in health, why it fails in disease, and the relative effects of MUC5B and MUC5AC. This work was supported by the CFFT Mucus Clearance Consortium.
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**IMPROVING CELLULAR DIFFERENTIATION AND CORRECTOR RESPONSES OF CF BRONCHIAL EPITHELIAL CELLS USING POLYCARBONATE MEMBRANE SUPPORTS**

[McGill, M.]{.ul} ^1^; Weigel, C.^1^; Berg, A.^1^; Sawant, A.^1^; Khatri, A.^1^; Towle, T.^1^; O\'Neil, S.^2^; Zhan, Y.^2^; Nguyen, V.^2^; Fleming, J.^1^; Pregel, M.J.^1^ *1. Rare Disease Research Unit, Pfizer, Cambridge, MA, USA* *; 2. Investigative Pathology Group, Drug Safety R&D, Pfizer, Andover, MA, USA*

CF human bronchial epithelial (CF hBE) cultures demonstrate characteristics associated with cystic fibrosis pathophysiology such as defective trafficking of F508del CFTR and absence of chloride transport. Well‐differentiated CF hBE cells may be cultured on filters at an air/liquid interface (ALI) as described by Neuberger et al (1) and responses to F508del corrector compounds measured using the equivalent current assay developed by Bridges and van Driessche (2). This system is used heavily for the optimization of F508del correctors and increasingly for the study of mechanisms of F508del rescue. We evaluated the influence of filter plates made with different materials and pore densities on corrector responses, the differentiation state and CFTR levels of the ALI cultures.

F508del homozygote CF hBE cells differentiated on the standard polyester membrane supports (Corning Transwell‐24, 0.4 μm pores, 4 x 10^6^ pores/cm^2^) were compared to cells differentiated on polycarbonate membrane supports (Corning Transwell‐24, 0.4 μm pores, 1 x 10^8^ pores/cm^2^). The cultures were evaluated by hematoxylin and eosin (H&E) staining for morphology, PCR for CFTR mRNA levels and other differentiation markers, Western blot for CFTR protein and maturation, and equivalent current electrophysiology assays (basal and corrector‐induced responses to forskolin and potentiator, amiloride response, and transepithelial resistance).

H&E staining revealed that cells grown on polyester membranes formed a cuboidal epithelium while cells grown on polycarbonate membranes formed a pseudostratified columnar epithelium, similar to the natural morphology of lung epithelium. Cells on polycarbonate supports had significantly greater CFTR activity in response to corrector treatment than on the polyester supports. This increase in corrector response was observed for VX‐809 as well as several other corrector scaffolds with distinct mechanisms. Unexpectedly, biochemical characterization of CFTR revealed no increase in mRNA or protein levels to explain this enhancement of functional activity on the polycarbonate supports.

Combining a significant improvement in both cellular differentiation and corrector responses, CF hBE cells grown on polycarbonate filters appear to offer a more robust and physiologically relevant system for the study of mechanisms of F508del rescue and for the optimization of correctors.

**References:**

1\. Neuberger T, et al. Methods Mol Biol 2011;741:39‐54.

2\. Bridges R, et al. Pediatr Pulmonol. 2011;46(S34):279.
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**GENOME‐WIDE ANALYSIS IN YEAST TO IDENTIFY MOLECULAR TARGETS PROMOTING READTHROUGH**

[Icyuz, M.]{.ul} ^1^; Mutyam, V.^2^; Rowe, S.M.^2^; Sorscher, E.J.^3^; Hartman, J.L.^1^ *1. Genetics, University of Alabama at Birmingham, Birmingham, AL, USA* *; 2. Cystic Fibrosis Research Center, University of Alabama at Birmingham, Birmingham, AL, USA* *; 3. Pediatrics, Emory University, Atlanta, GA, USA*

The CFTR‐G542X mutation is the most common premature termination codon (PTC) in CFTR, and the second most common CF‐causing allele. Previously, we showed F670del‐Yor1 (Yeast Oligomycin Resistance‐1, a member of the ABC gene family) can serve as a useful model for genome‐wide analysis of modifiers that govern F508del‐CFTR biogenesis. The work demonstrated evolutionary conservation of gene‐gene interaction between yeast and human, and resulted in discovery of novel targets for improvement of F508del‐CFTR misfolding. *yor1‐G704X* results from a mutation in *S. cerevisiae* homologous to CFTR‐G542X, and thus can be used as a phenomic model to identify gene targets for promoting readthrough. We introduced *yor1‐G704X* into the full genomic collection of *S. cerevisiae* knockout and knockdown (YKO/KD) strains, and performed quantitative high throughput cell array phenotyping (Q‐HTCP) to measure growth on oligomycin as an endpoint for nonsense codon suppression. Parallel analysis of the *yor1‐*Δ*0* mutant served as a control for effects of YKO‐KD mutation on oligomycin sensitivity. G418 (an aminoglycoside readthrough agent) increased oligomycin resistance in the context of Yor1‐G704X, but had no effect on the *yor1‐*Δ*0* strain. Similarly, the Yor1‐G704X‐eGFP exhibited increased fluorescence when cultured with G418, supporting use of *yor1‐G704X* for genome‐wide screening. Analysis across the complete yeast deletion strain library in concert with Yor1‐G704X revealed participants in the nonsense mediated decay (NMD) pathway, NAM7 (UPF1) and UPF3, both of which are known targets for CFTR‐G542X readthrough. Overall, we discovered 250 candidate gene targets more potent than *UPF3* deletion for inducing full length Yor1. All gene interactions tested thus far by a secondary assay for readthrough (based on Yor1‐G704X‐eGFP fluorescence) have validated the primary phenotypic results. Additional testing of "hits" in combination with each other (epistasis analysis) is in progress. Also ongoing is use of the technology to establish a pharmacogenomics approach for determining genes responsible for effects of readthrough agents. Taken together, the studies describe a powerful new system with application to cystic fibrosis drug discovery.
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**WHY TWO MUCINS (MUC5B AND MUC5AC) IN CYSTIC FIBROSIS**

[Subramani, D.B.]{.ul} ^1^; Sears, P.R.^1^; Hill, D.B.^1^; Button, B.^1^; Rubinstein, M.R.^1,2^; Kesimer, M.^1,3^; Ostrowski, L.E.^1^; O\'Neal, W.^1^; Boucher, R.C.^1^ *1. Cystic Fibrosis Research and Treatment Center, University of North Carolina School of Medicine, Chapel Hill, NC, USA* *; 2. Dept. of Chemistry, UNC, Chapel Hill, NC, USA* *; 3. Department of Pathology and Laboratory Medicine, UNC, Chapel Hill, NC, USA*

In diseases, such as cystic fibrosis (CF), where normal water, salt, and mucus concentrations are abnormal, the normal mucus layer becomes dehydrated and compresses the periciliary gel layer, collapsing the cilia and preventing normal clearance. The properties of the flowing mucus layer are predicted to be heavily influenced by the two major gel‐forming mucins, MUC5B and MUC5AC. Data from cell culture, induced secretions, and animal models suggest that MUC5B forms the basis of the normal flowing gel. However, if the lung is "irritated" by allergies, pollutants, and/or infection, MUC5AC levels increase. We hypothesize that cilia‐dependent mucus flow and cough clearance are: (1) controlled by differing biophysical properties between the mucus layer and the underlying periciliary gel layer; (2) these differences in biophysical properties are controlled largely by mucus concentration; and (3) the biophysical properties of the mucus layer can be modified by the relative and absolute increase in MUC5AC. To provide a framework that will allow for direct comparison of the biophysical properties of MUC5B compared to MUC5AC, we have developed cells that are deficient in one or the other mucin. For this study we have utilized CRISPR‐Cas9‐mediated deletion of either MUC5AC or MUC5B to generate mono‐mucin‐producing A549 cells, which normally produce both mucins in nearly equal ratios. Results from Western blots, RT‐PCR, sequencing, and mass spectrometry from clonally selected A549 cells confirm mono‐mucin production, demonstrating the utility of CRISPR‐Cas9 genome editing for generating cell models lacking mucin proteins. Mucin collected from the apical washes of these clonally derived cell lines was collected and concentrated. The harvested mucus has been evaluated by a variety of biophysical techniques, including measurements of adhesive and cohesive strength, cough clearance, light scattering and mucociliary clearance. Light scattering demonstrated an approximate 50% reduction in MUC5B or MUC5AC mono‐mucin concentration compared to mucin‐sufficient cells, consistent with the concept that the mucus produced by A549 cells contains both MUC5AC and MUC5B at nearly equal proportions. A preliminary study evaluating mucus transport on ciliated airway cultures indicates that MUC5B‐deficient mucin transports less efficiently than MUC5AC‐deficient mucus. Results from these studies will help elucidate the complex relationships between mucus properties and mucin composition, which will ultimately help our understanding of mucus pathogenesis in CF.
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**METHOD FOR BIOBANKING HUMAN AIRWAY EPITHELIAL CELLS**

[Solomon, G.M.]{.ul} ^1^; Turner, K.B.^1^; Brewington, J.^3^; Liu, Z.^1^; Ostmann, A.J.^3^; Filbrandt, E.^3^; Randell, S.H.^4^; Gentzch, M.^4^; Cotton, C.^5^; Myerburg, M.M.^6^; Clancy, J.P.^3^; Rowe, S.M.^1^; Joseloff, E.^2^; Tuggle, K.L.^2^ *1. University of Alabama at Birmingham, Birmingham, AL, USA* *; 2. Cystic Fibrosis Foundation, Bethesda, MD, USA* *; 3. Cincinnati Children\'s Hospital Medical Center, Cincinnati, OH, USA* *; 4. University of North Carolina Chapel Hill, Chapel Hill, NC, USA* *; 5. Case Western Reserve University, Cleveland, OH, USA* *; 6. University of Pittsburgh, Pittsburgh, PA, USA*

**Background:** Human airway epithelial (HAE) cells in differentiated monolayers have formed a basis for preclinical study of many CFTR modulators. HAE provide a means to study disease and mutation‐specific questions. HAE (especially human nasal epithelial, HNE) cells are easily acquired from patients with various CFTR mutations. Recent advances allow large‐scale expansion of cells without altering the cellular genome, allowing for the establishment of an HNE biobank possible. This concept has been leveraged through multiple site collections of HNE cells through observational trials in the TDN.

**Objectives:** This study aimed to demonstrate the capacity for large‐scale collection, shipping, expansion, and banking of HNE cells from a diverse patient population. We tested this using a standardized procedure of conditional reprogramming via fibroblast co‐culture to allow for expansion of cells in a biorepository of cells for future use.

**Methods:** After site training, patients with diverse CFTR mutations or normal subjects had HNE cells collected via nasal brushing or curettage. HNE cells were then shipped overnight (4**°**C) in 50:50 DMEM/F12 media containing antibiotics: ceftazidime, tobramycin, vancomycin (all 100μg/mL), and amphotericin B (2.0μg/mL). Two repository labs processed cells using multiple centrifugations that included dissolution of mucus clumps with accutase. 1x10^6^ cells were added to coated dishes with adherent, irradiated 3T3‐fibroblasts. F‐media + 10μM Rho‐kinase inhibitor Y27632 was added daily until epithelial islands formed and were 90% confluent on the dish. Thereafter, cells were passaged twice, and expanded cells were cryopreserved in Cryostar® freezing media (1x10^6^ cells/aliquot).

**Results:** As part of the PROSPECT study, 81 normal and CF samples have been received in the central processing labs from 33 sites participating in the study (90% via cytology brush). Of these samples, 93% contain viable cells suitable for initial culture. Of viable cell pellets obtained, 81% were free of initial infection allowing for expansion. Mean initial viable cell pellets contained 0.41±0.30×^6^ cells. Cells were expanded and split with a mean of 6.5±0.8 days between passages. After 2 passages, the mean estimated cell count was 7.8±3.0 × 10^6^ cells. When tested for viability after freezing, \>90% of frozen cell pellets demonstrated viable cells for re‐expansion (\>50% cells viable by trypan blue staining after defrosting).

**Conclusions:** We demonstrate feasibility of acquisition and expansion of HNE cells from diverse subjects. Although initial cell collections had relatively low numbers of viable cells, we demonstrate the ability to expand these cells to a significant quantity of viable cells suitable for biorepository storage and are focusing efforts to increase yield. We are also focusing on optimizing protocols for ion transport and mucociliary differentiation.

Supported by CFFT, CFF, and NIH.
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**RAPID IN VIVO NASAL TRANSEPITHELIAL POTENTIAL DIFFERENCE MEASUREMENT IN MICE**

Cmielewski, P.^1,2,3^; [Parsons, D.W.]{.ul} ^1,2,3^ *1. Respiratory and Sleep Medicine, Women\'s and Children\'s Hospital, Adelaide, SA, Australia* *; 2. Robinson Research Institute, Adelaide, SA, Australia* *; 3. School of Medicine, University of Adelaide, Adelaide, SA, Australia*

**Introduction:** To determine the effectiveness of a putative CF cell or gene therapy to improve the CFTR ion channel defect in live intact CF mice, we have used a well‐established transepithelial potential difference (PD) technique in nasal airways, where mice are oriented vertically to enable placement of the electrode tip into the nares and onto ciliated epithelium. This method used a slow infusion rate (1 μl/min) of sequential Krebs buffers, with the flow‐rate limited largely by the ability of the animal to cope with the fluid volume delivered. We have now assessed a more rapid PD protocol using higher fluid rates, in mice that are nonsurgically intubated to eliminate fluid ingress into the lung.

**Methods:** Normal C57Bl/6 and CF (unc‐FABp) mice were anaesthetised and nonsurgically intubated with a 20G cannula (BD Insyte^TM^ IV catheter) to permit normal breathing during the perfusion solution deliveries. We first examined the feasibility of infusion rates of 10, 20 and 50 μL/min and compared these to our standard 1 μL/min in the same animal, using normal basal (B) and low chloride (LC) kerb buffers to determine an optimal flow rate. The standard slow infusion rate was then compared to the optimal infusion rate in both normal and CF mice, using the addition of the sodium channel blocker amiloride (A) and the β‐agonist isoproterenol (Iso) in the sequence. Nasal perfusions of B, B+A, LC+A, and LC+A+Iso buffers were performed 1 week apart to allow for complete recovery of the airway epithelium from any physical disturbances that may have occurred due to previous placement of the recording/perfusion cannula.

**Results:** There was no significant difference in the change in nasal PD in normal mice under LC conditions at all faster infusion rates compared to the standard rate (n.s., ANOVA, n=4). The optimal flow rate for rapid and consistently stabilised PD recordings was the 20 μL/min infusion rate, and this resulted in a typical reduction in PD assessment time from 40 to 10 mins. When tested at this rate, CF mice displayed a significant difference in their nasal PD response for LC+A perfusion: normal mice (Mean +/‐ SEM: ‐8.29 +/‐ 1.32 mV) vs CF mice (6.28 +/‐ 0.92 mV, p\<0.0001, paired t‐test, n=9), a difference maintained irrespective of infusion rate (n.s., paired t‐test, n=9). The addition of Iso to LC+A perfusion also demonstrated a significant difference between normal mice (‐10 +/‐ 2.56, n=4) and CF mice (‐1.19 +/‐ 1.02, n=8, p\<0.01, t‐test).

**Discussion:** The rapid infusion method, in conjunction with nonsurgical intubation, provided similar PD measurement capability to our much slower established method, eliminated potential adverse effects due to fluid inhalation, and improved PD assessment throughput 4‐fold. The reduced anaesthesia time and fluid load required allowed for the inclusion of additional perfusion solutions to further discriminate specific changes in the bioelectrical defect responsible for CF. These changes have improved the quality and speed of this nasal PD protocol for in vivo assessment of new therapies to correct the basic defect in CF airways.

**Acknowledgements:** Supported by the USA CF Foundation, the Cure4CF Foundation, and the NHMRC.
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**USSING CHAMBER MEASUREMENTS OF 2D MONOLAYERS GENERATED FROM 3D CULTURED INTESTINAL ORGANOIDS**

[Zomer‐van Ommen, D.D.]{.ul}; Amatngalim, G.D.; Dekkers, F.; Kruisselbrink, E.; Vonk, A.M.; de Winter ‐ de Groot, K.M.; van der Ent, C.K.; Beekman, J. *Pediatric Pulmonology, Wilhelmina Children\'s Hospital, University Medical Centre Utrecht, Utrecht, Netherlands*

Intestinal organoids can be used to study CFTR function by means of CFTR‐dependent forskolin‐induced swelling (FIS) in a 3D Matrigel culture condition (1). FIS of organoids is clearly different between organoids with mild, severe or even identical CF‐causing mutations. The exact mechanisms causing differences in swelling remain incompletely understood. Additional culture approaches and assays may help to further study mechanisms controlling differences in organoid swelling, and relations of this phenotype with CFTR and other ion channel activities.

We aim to set up alternative CFTR assays using 2D intestinal monolayers generated from rectal organoid cultures. We hypothesize that *CFTR* genotype‐specific differences in organoid swelling are reflected by forskolin‐induced currents in 2D monolayers. This study is part of the HIT‐CF program.

Organoids were generated as previously described (1), and we adapted the 2D monolayer culture method as published (2). Ussing chamber measurements were performed on 2D monolayers of six *CFTR* genotypes (wild‐type; carrier; p.Arg117His/p.Phe508del (R117H/F508del); p.Ser1251Asn/p.Phe508del (S1251N/F508del); p.Phe508del/p.Phe508del; p.Glu60X/p.Ile1295PhefsX33 (E60X/4015delATTT). 2D monolayers were generated by disrupting and trypsinizing organoids, and seeding single cells onto pre‐coated Transwell inserts plus organoid culture medium 1 with ROCK inhibitor. We monitored the transepithelial electrical resistance (TEER) values for 5 days. When resistance was \>100 ohm.cm^2^, inserts were transferred to Ussing chambers to monitor short‐circuit voltage‐clamped transepithelial ion transport after addition of amiloride, forskolin (dose range), and CFTR(inh)‐172 (dose range). Every *CFTR* genotype is measured in two to four independent experiments and two donors.

Forskolin dose‐dependently induced transepithelial ion transport in a CFTR‐dependent manner as indicated by inhibition upon addition of CFTR(inh)‐172, and absence of currents in CFTR class I/class I monolayers. The response to forskolin of S1251N/F508del monolayers lies between F508del/F508del and R117H/F508del, like with the FIS. However, the sensitivity of the 2D assay seems reduced as compared to FIS. The response to forskolin (10 μM) of S1251N/F508del (9.02μA/cm^2^±3.14) is minor compared to R117H, while with the FIS both genotypes respond comparably. Also, we cannot distinguish between wild type and R117H/F508del based on forskolin response (49.41μA/cm^2^±20.43 and 37.92μA/cm^2^±20.37). The data suggest that 2D monolayers generated from rectal organoids can be used to study the function of CFTR in Ussing chambers. The current preliminary data suggest that this setup will help to complement FIS studies by allowing the direct study of ion channel activity independent of their coupling to fluid secretion and via the select stimulation of apical or basolateral compartments.

**References:**
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**ELECTROPHYSIOLOGICAL TESTS IN CF DIAGNOSIS: NASAL POTENTIAL DIFFERENCE IS MORE PREDICTIVE THAN SWEAT TEST -- SINGLE CENTER STUDY**

[Wilschanski, M.]{.ul} ^1^; Dropiyvsky, H.^1^; Efrati, O.^2^; Bentur, L.^3^; Livnat, G.^4^; Picard, E.^5^; Aviram, M.^6^; Cohen, M.^1^; Blau, H.^7^ *1. CF Center, Hadassah Hebrew University Medical Center, Jerusalem, Israel* *; 2. CF Center, Sheba Medical Center, Tel Hashomer, Israel* *; 3. CF Center Rambam Medical Center, Haifa, Israel* *; 4. CF Center, Carmel Medical Center, Haifa, Israel* *; 5. CF Center, Shaare Zedek Medical Center, Jerusalem, Israel* *; 6. CF Center, Soroka Medical Center, Beersheva, Israel* *; 7. CF Center, Schneider Children\'s Hospital, Petach Tiqva, Israel*

Cystic fibrosis is associated with defective cAMP‐mediated (CFTR) Cl^‐^ secretion and an accelerated rate of basal Na^+^ transport across epithelial membranes resulting in a change in transepithelial potential difference (PD) that can be measured in the nasal epithelium (NPD). The sweat chloride concentration is still the gold standard for diagnosis of CF. New CF phenotypes have been recognized, eg cystic fibrosis transmembrane conductance regulator (CFTR)‐related disorders and there are an emerging number of non‐classical or atypical phenotypes. Patients with such uncertain diagnoses represent a challenge. The aim of this study was to compare the diagnostic outcome of a cohort of patients referred for electrophysiological testing.

**Methods:** Patients with suspected CF were referred between 2003 and 2014 for sweat test (Gibson Cooke or Macroduct) and NPD (Knowles) in one tertiary center. Sweat test was defined as \<40mmol/L normal, borderline 40‐60 and positive \>60mmol/L. The measurement of e ^Δchlor/ΔAmil^\>0.7 was defined as an abnormal NPD while e ^Δchlor/ΔAmil^\<0.7 was defined as a normal NPD. Final diagnosis was defined as registration in the Israeli CF Registry.

**Results:** 449 patients underwent both NPD and sweat tests. 246 had sweat \< 40, 33 had \>60 and 170 had 40‐60. Of the 449 patients, 375 had normal NPD and 74 abnormal, 26 of 375 are in the CF registry. Of the 74 diagnosed as abnormal, 21 are in the CF registry. The sensitivity of NPD is 44.7% and specificity 86.8% with negative predictive value of 93% This is better than the sweat test which has sensitivity of 45.4%, specificity of 58.1% and negative predictive value of 88.8%. There were 8 patients with a normal sweat test and abnormal NPD of which 5 are registered as CF. There were 83 patients with a positive sweat test and normal NPD of which 5 are in the CF registry. The sensitivity of NPD in this group is 50%, specificity is 96.2%, positive predictive value 62.5% and negative predictive value of 93.9%. Of the 170 patients with borderline sweat test, 5 out of 140 (3.6%) with normal NPD are in the registry while of the 31 patients with abnormal NPD, 7 (23%) are in the registry.

**Conclusion:** In patients with a questionable diagnosis of CF, the NPD is very useful and is best at ruling out the diagnosis in the presence of a false positive sweat test.
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**PATIENT‐SPECIFIC EVALUATION OF REGIONAL AIRWAY DORNASE ALFA CONCENTRATION LEVELS IN A COHORT OF PATIENTS WITH CYSTIC FIBROSIS**

[Bos, A.C.]{.ul}; Tiddens, H. *Pediatric Pulmonology, Radiology, Erasmus MC‐Sophia Children\'s Hospital, Rotterdam, Netherlands*

**Background:** In cystic fibrosis (CF) progressive small airways disease (SAD) and mucus impaction play a major role in the pathophysiology of CF lung disease. Inhaled dornase alfa is successful in improving SAD. However, residual SAD persists and progresses with age in most patients with CF. The Akita nebulizer allows efficient targeting of the small airways and improved SAD substantially in stable patients with CF on maintenance dornase alfa therapy, but not in patients who were admitted for an exacerbation. Computational fluid dynamics (CFD) showed for inhaled antibiotics that concentrations were inversely related to the severity of structural changes as seen on chest CT‐scans. CFD can allow us to personalize aerosol delivery strategies for dornase alfa for more effective treatment of SAD taking into account the presence of structural lung changes.

**Objectives:** To predict local dornase alfa concentrations in airways of patients with CF differing in disease severity nebulized with the Akita targeted to the small airways, Pari LC Plus or Pari eFlow nebulizer.

**Methods:** CFD was applied to patient‐specific airway models reconstructed from chest CT‐scans. Reconstruction of airway models and simulations were performed by FLUIDDA nv (Kontich, Belgium). The following information was used for simulations: nebulization of dornase alfa (1.25 mg for Akita and 2.5 mg for Pari LC Plus and Pari eFlow), aerosol diameter, epithelial lining fluid thickness of 5 μm. Concentrations were expressed relative to an effective dornase alfa concentration of 2.9 μg/mL. Results are reported as median \[range\].

**Results:** 40 CT‐scans (35% male) were selected, age 10.9 \[6‐18\] years, CF‐CT bronchiectasis subscore 2.8 \[0‐16.0\] % of max., FEV~1~ 94.3 \[70‐116\] %pred. The Akita resulted in significantly higher dornase alfa concentrations in the small airways than the other nebulizers (p \<0.001). With half of the nebulized dose, large airways concentrations for the Akita were 7 times higher than for the Pari LC Plus and Pari eFlow (4173, 588 and 571 μg/mL, respectively). Small airways concentrations were 9‐10 times higher than for the other nebulizers (Akita: 58.3 \[42‐84\], Pari LC Plus: 6.5 \[5‐9\], Pari eFlow: 5.6 \[4‐8\] μg/mL). Concentrations in all small airways combined were 14‐29 times 2.9 μg/mL for the Akita and 1‐3 times 2.9 μg/mL for the Pari LC Plus and Pari eFlow. When looking at separate lung lobes, several lobes received dornase alfa concentrations below 2.9 μg/mL with the Pari LC Plus and Pari eFlow.

**Conclusions:** CFD modeling showed that most airways received sufficient dornase alfa concentrations. Half the dose, nebulized with the Akita, resulted in small airway dornase alfa concentrations that were 10 times higher than with the Pari LC Plus or Pari eFlow nebulizers. This can be promising to improve SAD in patients with more severe CF lung disease.

The research was funded by financial support provided by Roche Pharmaceuticals.
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**IMPROVED CF BRONCHIAL EPITHELIAL CELL CULTURE AND EQUIVALENT CURRENT ASSAY PROCEDURES TO ACCELERATE THE OPTIMIZATION OF F508DEL CORRECTORS**

[Weigel, C.]{.ul}; Berg, A.; Towle, T.; Sawant, A.; Khatri, A.; McGill, M.; Naik, P.; Bertolini, E.; Fleming, J.; Pregel, M.J. *Rare Disease Research Unit, Pfizer Biomedical Institute, Cambridge, MA, USA*

Small‐molecule correctors of F508del CFTR misfolding are being developed as therapies for cystic fibrosis. Corrector activity can be assayed in cell lines expressing recombinant F508del CFTR as well as F508del patient‐derived primary cells. However, poor correlation between cell line assays and primary cell assays has necessitated the use of patient bronchial epithelial cell assays to optimize corrector compounds (1). Culturing well‐differentiated CF human bronchial epithelial (CF hBE) cells requires a significant investment of time and effort as well as the use of reagents and cells with limited availability and high cost. Assaying for corrector activity can be performed in a semi‐automated 24‐well format equivalent current assay using equipment and methods developed by Bridges and van Driessche (2). This assay is a great improvement over electrophysiology assays in Ussing chambers but still remains labor‐intensive.

The authors have implemented several improvements to the culture and differentiation protocol developed by Neuberger et al (3), and the equivalent current assay methods developed by Bridges and van Driessche (2) in an industrial setting. This has resulted in a more efficient use of limited availability CF patient cells, a reduction in workload, and the generation of reproducible corrector dose‐response data that has accelerated the optimization of corrector compounds. These modifications include:

1\. Preparation of cryopreserved cell banks at passage 2 and use of passage 4 ceIls for generation of well‐ differentiated epithelia. This increased the yield of assay plates per passage 1 vial by up to 20‐fold.

2\. Use of semi‐ and fully‐automated robotics and liquid handlers to substantially reduce the amount of manual effort for medium changes.

3\. Increasing the number of assay plates per equivalent current experiment from 6 to 9 has increased

the number of data points per experiment by 50%.

4\. Use of an automated dispenser to add DMSO solutions of correctors directly into assay plates has reduced workload and improved data quality in corrector dose‐response testing.

In combination, these and other protocol modifications have supported a 60% increase in assay throughput together with robust and reproducible determination of corrector dose‐response curves. These improvements have the potential for broad applicability to many laboratories culturing CF hBE cells for the study of mechanisms of F508del rescue and for the optimization of correctors.

**References:**

1\. Pedemonte N, et al. Am J Physiol Cell Physiol. 2010;298:C866‐74.

2\. Bridges R, et al. Pediatr Pulmonol. 2011;46(S34):279.

3\. Neuberger T, et al. Use of Primary Cultures of Human Bronchial Epithelial Cells Isolated from Cystic Fibrosis Patients for the Pre‐clinical Testing of CFTR Modulators. In Amaral, M., Kunzelmann, K., *Cystic Fibrosis*, Methods in Molecular Biology 741. (pp 39‐54). Springer, 2011.
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**HOST GENETIC TRAITS INFLUENCE THE SEVERITY OF RESPIRATORY INFECTIONS BY ***PSEUDOMONAS AERUGINOSA*****

Lorè, N.^1^; Sipione, B.^1^; Mott, R.^2^; Iraqi, F.^3^; [Bragonzi, A.]{.ul} ^1^ *1. San Raffaele Scientific Institute, Milano, Italy* *; 2. University College London, London, United Kingdom* *; 3. Tel Aviv University, Tel Aviv, Israel*

In cystic fibrosis (CF) patients, poor phenotype/genotype correlation for the CF transmembrane conductance regulator (*CFTR*) mutation has been described with particular regard to the severity of the pulmonary infections. Thus, the identification of non‐*CFTR* genetic variations as contributors of individual risk factors of lung pathology is one of the clinical needs and the challenges ahead in CF. To date, genetic studies in humans are ongoing but they should be joined to other approaches. Recently, a highly genetically‐diverse mouse resource population, the Collaborative Cross (CC), has been generated to mimic the genetic diversity of the human population (<http://csbio.unc.edu/CCstatus/index.py>). Here, we took advantage of these mouse resources to define host genetic variations that influence the severity of *P. aeruginosa* lung infection.

A large‐scale screening for *P. aeruginosa* infection was carried out in a cohort of 44 CC lines. CC mice were infected with the CF clinical *P. aeruginosa* AA2 strain and subsequently monitored for mortality, mean survival time, morbidity and change in body weight for seven days postinfection. CC mice exhibit distinct disease phenotypes after *P. aeruginosa* infection ranging from complete resistance to lethal disease and severe pneumonia characterized by high bacterial burden. Most importantly, the differential response to *P. aeruginosa* infection in CC lines was found to be greater than that reported in classical inbred mice. More detailed analysis on CC mice showed that initial variables including body weight, age and gender have no influence on *P. aeruginosa* outcome, emphasizing the role of complex genetic traits in the severity of infection. When broad‐sense heritability of phenotypic traits was evaluated we confirmed the influence of genetic factors rather than environmental factors among the CC lines during *P. aeruginosa* infection.

Next, quantitative trait locus (QTL) mapping was performed. We found a significant locus on chromosome 3 named "*Pseudomonas respiratory infection resistant locus 1"* (*Prlrl1*), associated to the severity of infection after seven days postinfection (mortality). When we refined QTL localization, exploiting the sequence variations of the eight founder murine strains of the CC and gene/protein public databases, we identified 14 genes as new candidate disease‐modifiers of the airways infection. The most promising candidate genes are related to leukocyte recruitment and inflammatory processes. Validation of candidates genes is ongoing in model systems.

We conclude that: i) CC mice represent an innovative model that can reproduce the variable responses related to disease severity in humans affected by *P. aeruginosa* pneumonia; ii) host genetics plays a significant role modulating lung defence and disease severity during *P. aeruginosa* pneumonia; iii) a set of genes involved in the pathogenesis of *P. aeruginosa* infection may be explored to complement human studies.

Supported by Italian CF Research Foundation (FFC\# 9/2014 and FFC\#11/2015).
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**POPULATION PHARMACODYNAMIC MODELLING OF DISEASE PROGRESSION IN CYSTIC FIBROSIS SUBJECTS**

Hartmann, S.^1^; Layish, D.^2^; Pratley, R.E.^3^; Bredberg, U.^4^; Haseltine, E.^4^; Beusmans, J.^4^; Lesko, L.J.^1^; [Trame, M.N.]{.ul} ^1^ *1. Pharmaceutics, University of Florida, Orlando, FL, USA* *; 2. Central Florida Pulmonary Group, Orlando, FL, USA* *; 3. Translational Research Institute for Metabolism and Diabetes, Orlando, FL, USA* *; 4. Vertex Pharmaceuticals, Boston, MA, USA*

**Introduction:** Cystic fibrosis (CF), one of the most common life‐shortening genetic diseases, is caused by mutation of the CFTR gene, leading to reduced synthesis, function, stability, and/or trafficking of the CFTR protein. CF disease progression is hypothesized to be greatly influenced by the type of CFTR mutation as well as patient demographics such as BMI, pancreatic status, onset of diabetes, and treatment with pancreatic enzymes or insulin. The aim of this analysis was to develop a population pharmacodynamic (PopPD) model in order to evaluate contributing factors influencing disease progression measured as a change in FEV1 in CF subjects.

**Methods:** A PopPD model was developed to describe longitudinal changes of FEV1 in 109 CF subjects monitored during routine clinical practice over an average period of 9 years (Table. Effects of different covariates on the disease progression were examined by estimating the fractional change of FEV1 induced by each covariate and covariate combination. Covariates tested were: F508del mutation, age, gender, BMI, diabetic status, pancreatic status, and sweat‐chloride levels. Subjects being pancreatic insufficient were on pancreatic enzyme replacement therapy and diabetic subjects were given insulin.

**Results:** A linear FEV1 disease progression model (slope = 0.062 L/year) was found to best describe the observed FEV1 data for all CF subjects included in this analysis. Additionally, the model identified key covariates contributing to the decline of FEV1, estimated as a fractional change of slope, to be (change in slope of FEV1 shown in %): diabetes (10%), pancreatic insufficiency (21%), and female gender (37%). The effect of older age contributed to a decline in baseline FEV1 of 0.8% based on the subject\'s age. A BMI above 20.5 was determined as being beneficial for lung function, with the effect on slope being 6.2% based on individual BMI. Being homozygous for F508del caused FEV1 to decline faster as compared to heterozygous subjects.

**Conclusion:** Using a PopPD model, we were able to describe the time‐courses of FEV1 in CF subjects as well as identify factors influencing CF disease progression measured in change of FEV1 over time. The developed model may be used as a tool in clinical practice to predict a change in time‐courses of FEV1 for individual CF patients, determining possible risk factors worsening as well as factors improving lung function.

**Table**
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**SELECTIVE TARGETING DISTAL SMALL AIRWAYS IN PIGS BY A NOVEL AAV VECTOR: IMPLICATIONS FOR GENE THERAPY AND CF LUNG DISEASE**

Hamilton, B.; Powers, L.; Abou Alaiwa, M.H.; Brommel, C.; Vasgas Buonfiglio, L.; Stroik, M.; Welsh, M.; Stoltz, D.A.; Zabner, J.; [Li, X.]{.ul} *University of Iowa, Iowa City, IA, USA*

Cystic fibrosis (CF) is a common genetic disease caused by a defect in the CF transmembrane conductance regulator (CFTR), a membrane‐bound anion channel that is permeable to both chloride and bicarbonate. The main features of CF lung disease are bacterial colonization and chronic infection in the conducting airways, which are thought to be due to alterations in the physical and chemical properties of the airway surface liquid (ASL). Pathological and clinical data suggest that the disease is initiated in distal small airways with a diameter \<2mm. However, most studies regarding the pathogenesis of CF rely on data from excised or cultured proximal large airways, such as tracheal and bronchi tissue. Thus, there are no direct experimental data to support the dogma that CF lung disease is initiated in distal small airways. Our group has engineered pigs with either a deletion of or mutation of CFTR, which mimics human CF. CF pigs develop spontaneous airway infections, and airways become obstructed with mucus and inflammatory cells. This model provides an unprecedented opportunity to investigate the spatial origins of CF lung disease. We hypothesize that selective expression of CFTR in distal small airways in vivo prevents development of lung disease in CF pigs. Using a directed evolution strategy both in vitro and in vivo, we have identified a novel adeno‐associated virus vector (AAV2H22) with high tropism for both large and small airway epithelial cells. Based on previous studies indicating that small airways have higher surfactant protein D (SPD) expression as compared to large airways, we constructed AAV2H22 vectors to direct expression of eGFP or CFTR to small airway epithelia using a SPD promoter fragment (562bp). There are significantly more GFP^+^ cells in small airway cultures infected with AAV2H22SPD\>eGFP, compared to large airway cultures. Administration of AAV2H22SPD\>eGFP to both trachea and distal small airways in 1‐week‐old live pigs through bronchoscope confirmed that GFP+ cells were observed in distal small airways, but not in trachea or bronchi in vivo. In addition, there is significantly more cAMP‐stimulated short circuit current in CF small airway cultures infected with AAV2H22SPD\>hCFTRΔR in vitro. Ultimately, these tools will allow us to test our hypothesis in future studies in vivo, which will enhance our understanding of CF lung disease pathogenesis.
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**ANALYSIS OF VAS DEFERENS ATRESIA IN THE CF RAT**

[Plyler, Z.E.]{.ul} ^1,2^; Schoeb, T.R.^6^; Hong, J.S.^2^; Tuggle, K.L.^3^; Birket, S.^2^; Schultz, B.D.^4^; Sorscher, E.J.^5^ *1. Biology, UAB, Birmingham, AL, USA* *; 2. Gregory Fleming James Cystic Fibrosis Research Center, UAB, Birmingham, AL, USA* *; 3. Cystic Fibrosis Foundation, Bathesda, MD, USA* *; 4. Department of Pharmacology, KSU, Manhattan, KS, USA* *; 5. School of Medicine, Emory University, Atlanta, GA, USA* *; 6. Department of Genetics and Animal Resources Program, UAB, Birmingham, AL, USA*

Congenital absence of the vas deferens is observed as a clinical manifestation in upwards of 99% of males with cystic fibrosis. In this study, we investigated loss of male reproductive structures in the CF rat model, including epididymis and regional involution of the vas. Based on analysis of over 70 CFTR+/+ and ‐/‐ male animals ranging from E15.5 to P8, these developmental abnormalities were shown to occur perinatally. Timed matings and histomorphometry were used to establish that CF embryonic Wolffian and Mullerian ducts develop normally until E17.5, after which both structures begin to degenerate. Regional atresia of the vas deferens at the time of birth (and immediately thereafter) was observed, with no indication of luminal mucus or other physical obstruction. Moreover, in contrast to parenchymal damage in human and porcine CF lung and pancreas, no indication of inflammatory cell infiltrate or increased myofibroblast differentiation (as judged by TGFβ1 and pSMAD2/3 signaling) were noted in association with involution of the vas. Interestingly, we found that epididymal defects such as diminished smooth muscle proliferation appear to predate loss of the vas deferens. In addition, RNAseq of tissue biopsied from the CF male rat reproductive tract suggests gross alteration of signaling and developmental pathways, including Wnt9b and homeobox‐like transcription factors Emx2 and Gata3 (loss of Wnt9b, Emx2, and Gata3 function has been associated previously with destruction of mesonephric duct derivatives in studies of knockout mice). Immunohistochemistry to determine the role of these pathways within the developing rat genitourinary tract, together with studies of androgen receptor signaling and TUNEL assays (to monitor epithelial apoptosis) are in progress. The findings provide an important test of fundamental mechanisms that underlie tissue damage in cystic fibrosis reproductive epithelia, with potential relevance to more generalized exocrine abnormalities in the disease.

(Funded by CFF and NIH.)
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**APPLICATION OF IPS‐DERIVED LUNG EPITHELIUM AS AN EXPERIMENTAL PLATFORM TO PREDICT PATIENT‐SPECIFIC RESPONSES TO CF DRUGS**

[Wellhauser, L.]{.ul} ^1,2^; Molinski, S.^1,2^; Ahmadi, S.^1,3^; Wong, A.P.^4^; Rossant, J.^4,5,6^; Bear, C.E.^1,2,3^ *1. Molecular Structure & Function, Hospital for Sick Children, Toronto, ON, Canada* *; 2. Biochemistry, University of Toronto, Toronto, ON, Canada* *; 3. Physiology, University of Toronto, Toronto, ON, Canada* *; 4. Developmental & Stem Cell Biology, Hospital for Sick Children, Toronto, ON, Canada* *; 5. Obstetrics and Gynaecology, University of Toronto, Toronto, ON, Canada* *; 6. Molecular Genetics, University of Toronto, Toronto, ON, Canada*

CF patients harboring rare CFTR mutations or those unresponsive to current pharmaceutical intervention currently have no therapeutic option beyond secondary therapies. Induced pluripotent stem (iPS) cells represent a patient‐specific and renewable resource for derivation of tissues affected in CF to serve as a valuable platform for drug discovery and development. Here, we use iPS lines derived from a patient cohort harboring the rare CF‐causing mutation *c.3700 A*\>*G‐CFTR* to model drug responses in engineered lung epithelium. This mutation is most prominent in Middle Eastern populations and causes aberrant splicing and deletion of six residues in the nucleotide‐binding domain 2 (ΔI1234_R1239‐CFTR) leading to nearly undetectable protein and chloride channel activity. Chronic and acute exposure to VX‐809 (lumacaftor) and VX‐770 (ivacaftor) respectively -- a condition mimicking the combined therapeutic Orkambi^TM^ ‐ significantly rescued the cell surface expression and activity of the ΔI1234_R1239‐CFTR mutant in overexpression HEK cells as shown by Western blotting and a fluorescence‐based assay monitoring membrane potential (FLIPR). We validated the Orkambi^TM^ effect in patient‐derived lung epithelium, a study requiring innovation given the inaccessibility of such tissue. iPS cells were generated from an affected individual bearing the *c.3700 A*\>*G‐CFTR* and differentiated into lung epithelium using our published protocol (Wong AP, et al. Nat Protoc. 2015;10:363‐81). Correction with VX‐809 and potentiation with VX‐770 led to modest but significant changes in apical, CFTR mediated chloride conduction as measured using FLIPR. Importantly, in a multiwell plate reader assay we ranked the response of this iPSC‐derived lung tissue to multimodulators pointing to the utility of this platform for developing personalized treatments for individuals with rare mutations. Future work will utilize CRISPR‐Cas9 edited isotypic controls to decipher a patient‐specific benchmark for maximum improvement upon correction of the *CFTR* locus. This work is supported by Al Qamra Holding Inc., CF Canada, and CIHR.
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**MODEL SYSTEMS FOR INVESTIGATING MOLECULAR PATHOGENESIS OF RARE CFTR ALLELES**

[Rab, A.]{.ul} ^1^; Wen, H.^1^; Manfredi, C.^2^; Ehrhardt, A.^2^; Joshi, D.^2^; Sorscher, E.J.^2^; Hong, J.S.^3,1^ *1. Gregory Fleming James Cystic Fibrosis Research Center, University of Alabama at Birmingham, Birmingham, AL, USA* *; 2. School of Medicine, Emory University, Atlanta, GA, USA* *; 3. Cell, Developmental and Integrative Biology, University of Alabama at Birmingham, Birmingham, AL, USA*

The CFTR2 project was established to catalog a diversity of CFTR mutations, and promote discovery of novel "precision‐type" approaches to therapy. Our laboratory participates in the CF theratyping initiative through development of epithelial cell models encoding clinically relevant mutations on a Fischer Rat Thyroid ((FRT)/Flp‐in^TM^) background. To date, we have established over 40 isogenic FRT CFTR2 cell lines expressing rare CF alleles from a single chromosomal insertion site---as well as mechanistically important CFTRs intended to improve understanding of both missense and nonsense abnormalities. The FRT lines demonstrate similar levels of CFTR mRNA, and are profiled according to steady‐state core and fully glycosylated protein, vectoral ion transport, responsiveness to corrector molecules (VX‐809, VX‐661), potentiator (VX‐770) activity, and more specialized assays tailored to individual CF alleles. Insight from global analysis of CFTR2 mutants will be presented, including observations that: 1) distinct mutations (eg from CFTR classes I, II, and IV) are significantly stabilized by chronic treatment with corrector and potentiator molecules (VX‐809 and VX‐770), 2) numerous processing mutations (class II) show correction with VX‐809, suggesting a shared "off‐pathway" misfolding intermediate, 3) many gating defects (class III) are potentiated in a manner that correlates strongly with alleles clinically approved for treatment with Kalydeco, 4) conductance mutations (class IV) may exhibit minimal or no response to potentiator (VX‐770) therapy, although exceptions exist (eg R117H), and 5) a majority of CFTR mutations display molecular characteristics of more than one traditional subcategory, indicating importance of new methods for reclassifying CFTR2 alleles with a focus on theratype. These findings highlight the significance of cell‐based model systems for understanding CF disease pathogenesis, and directing therapeutic trials that will help advance "precision" treatment for all individuals with the disease. (Funded by CFF and NIH.)
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**CRISPR/CAS9 GENE EDITING TO ESTABLISH A ΔF508‐CF NEUTROPHIL PRECURSOR CELL LINE**

Jennings, S.; [Wang, G.]{.ul} *Microbiology, Immunology & Parasitology, Louisiana State Univ. Health Sciences Ctr., New Orleans, LA, USA*

Even though cystic fibrosis (CF) lung disease is characterized by severe and persistent neutrophilic inflammation, the actual role of this phagocyte in the disease pathogenesis is underappreciated. One of the major obstacles impeding the related research is that neutrophils isolated from CF patients are short‐lived ex vivo and nonpermissive to genetic manipulation. Taking advantage of the new CRISPR/Cas9 gene‐editing technology, we are establishing a ΔF508‐CF neutrophil‐precursor cell line, from which unlimited CF neutrophils can be differentiated by dimethyl sulfoxide (DMSO) induction. A specific sgRNA target sequence on Exon 11 in the human CFTR gene, which covers the F508 site, was identified, synthesized and engineered into the *S. pyogenes* Cas9 plasmid pSpCas9(BB)‐2A‐GFP (PX458). The resulting CFTR‐sgRNA‐Cas9 vector was verified by DNA sequencing. A 127‐bp single‐stranded DNA oligo was synthesized as the template for homology‐directed repair (HDR) for Cas9‐induced DNA double strand breaks (DSBs). This oligo, complementary to the nontarget strand of CFTR exon 11 and with 36‐bp of homology upstream and 91‐bp of homology downstream of the Cas9‐induced DSB site, has two modifications: 1) a 3‐bp deletion immediately downstream of the DSB site to create the ΔF508 mutation, and 2) a silent C→T point mutation to create an SspI restriction enzyme cut site 5‐bp upstream of the DSB site. To test the principle, HEK‐293T cells were transfected with the sgRNA‐Cas9 plasmid and the HDR template via calcium phosphate precipitation. Forty‐eight hours post‐transfection, the GFP‐positive cells were FACS‐sorted and single‐cell‐cloned by limited dilution. DNA PCR‐amplification of the cell clones, followed by SspI analytic digestion and DNA sequencing, confirmed that 1/31 (3.2%) clones had double‐allele HDR, and 4/31 (13%) clones had single‐allele HDR. To create a designed neutrophil precursor cell line, HL‐60 cells were transfected with the CFTR‐sgRNA‐Cas9 vector plasmid along with the HDR template oligo via electroporation. Twenty‐four hours later, the GFP‐positive cells were FACS‐sorted and single‐cell cloned. The HL‐60 cell clones are currently under expansion and will be analyzed similarly for HDR. We anticipate that a ΔF508‐CF neutrophil precursor cell line will be established for CF research and drug screening. This work is supported by a CFFT research grant (WANG15XX0).
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**SWEAT GLAND CULTURES FOR THE STUDY OF CYSTIC FIBROSIS**

[McNicholas‐Bevensee, C.M.]{.ul} ^1^; Karki, S.^1^; Guimbellot, J.S.^2^; Rowe, S.M.^2^ *1. Cell, Developmental and Integrative Biology, Univ. Alabama at Birmingham, Birmingham, AL, USA* *; 2. Pediatric Pulmonary, University of Alabama at Birmingham, Birmingham, AL, USA*

Many CF‐ causing mutations are rare, and not presently within the scope of the FDA‐approved population for CFTR modulator therapy. Currently, the only means to test available CF modulators for ultrarare populations, either potentiator or corrector, that may benefit these sub‐populations of patients are costly "n‐of‐one" trials or grouping various CFTR mutations into single study populations, which may be problematic. Recent focus has shifted to ex vivo approaches to address this challenge. Our chosen model is the culture of human sweat glands, which have been highly sensitive to CFTR modulator therapy.

**Objective:** To isolate, culture, propagate and characterize sweat gland epithelial cells from human subjects.

**Results:** We show enzymatic digestion of skin samples from remnant surgical specimens and punch biopsy enables isolation of sweat glands. Further microdissection separates the duct from the coil. Of several coating protocols and conditions tested to enhance adherence of the isolated sweat glands for culture, we have found that irradiated 3T3 fibroblast co‐culture provides a superior background to successfully initiate cellular growth. We have observed successful outgrowths from intact glands and separated coils. Thus far, outgrowth from duct has been more challenging.

Cellular growth begins typically after several days and generally reaches the point at which passaging can begin after ˜14 days. We are currently assessing media conditions to enhance growth rate and propagation. Antibody staining using cytokeratin 8 as a marker for coil, and cytokeratin 10 as a marker for duct, demonstrates multiple clear subpopulations of cells within the cell outgrowths. Antibody staining of intact tissue demonstrates the usefulness of these markers to identify duct vs coil.

In conjunction with establishing protocols to culture sweat gland epithelial cells, we are performing patch clamp studies to provide functional characterization of the cellular cultures. Multiple channel populations have been observed, including a small, linear conductance (˜10pS) Cl^‐^ channel (control subject) which was responsive to ivacaftor (VX‐770).

Our ultimate goal is to provide a method whereby samples from CF patients can be obtained from punch biopsy, sweat gland cultures established, and ex vivo testing of the efficacy of CF modulators will be undertaken using electrophysiological techniques, enabling precision approaches to rare CFTR variants.

(Supported by CFFT)
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**EVALUATION OF THE PRIMARY HUMAN NASAL AND BRONCHIAL EPITHELIAL CELL CULTURES IN THE CONTEXT OF PERSONALIZED THERAPY IN CF**

[Pranke, I.]{.ul} ^1^; Hatton, A.^1^; Simonin, J.^1^; Pimpec‐Barthes, F.^2^; Pierrot, S.^3^; Edelman, A.^1^; Sermet‐Gaudelus, I.^1^ *1. Institut Necker Enfants Malades ‐ INSERM U1151, Paris, France* *; 2. Hopital Europeen Georges Pompidou, Paris, France* *; 3. Hopital Necker Enfants Malades, Paris, France*

**Introduction:** A number of therapeutic molecules under investigation and necessity to develop personalized therapy in CF require a physiologically relevant human system to test the efficacy of molecules to restore CFTR function. The in vitro reconstituted epithelium from primary human nasal epithelial (HNE) cells is a promising system for prediction of a drug activity in patients. Since nasal epithelium is much easier to sample than bronchial epithelium and provides a possibility of repeated isolation of cells from the same patient, an effort is concentrated on improvement of the HNE cultures. The general aim of the study was development of a physiologically relevant tool for the in vitro prediction of efficacy of a given compound in an individual patient. The primary measures were the characterization and comparison of the primary human nasal cells to commonly known bronchial epithelial cells, cultured in the same conditions, and tests of efficacy of CFTR correctors VX‐809 and VX‐661 in both cell models.

**Methods:** Nasal epithelial cells, isolated by brushing of the inferior nasal turbinate, and bronchial cells, issued from bronchial explants, were grown on microporous inserts in air‐liquid interface for 3 weeks for differentiation, then incubated or not with VX‐809 or VX‐661 for 48h, in combination or not with VX‐770. The short circuit current experiments were performed in the Ussing chamber system with Cl^‐^ concentration gradient. Immunocytochemistry and confocal microscopy were done for CFTR immunodetection with IgG‐clone 24‐1 diluted 1/100, accompanied with the apical plasma membrane staining with wheat germ agglutinin.

**Results:** The primary HNE cell cultures recapitulate the properties of bronchial epithelium in terms of CFTR expression and ion transport. As expected, statistically significant differences in ΔIsc ~Amiloride~, ΔIsc ~Forskolin~ and ΔIsc ~Inh172~ are observed between F508del/F508del and wt/wt cell cultures of nasal (9 healthy donors/9 CF patients) and bronchial origin (7 non‐CF/13 CF patients). Treatment of F508del homozygous HNE and HBE cultures with VX‐809 or VX‐661 corrects CFTR to variable patient‐dependent levels. In the HBE cultures from 12 F508del homozygous patients, after 48h incubation with 3μM VX‐809, the average correction of CFTR‐dependent Cl^‐^ secretion is of 1.8 μA/cm^2^ and is statistically significant (p=0.005) taking into account the inter‐ and intra‐ patient variabilities. Two‐sample T‐test power analysis estimated that 20 patients are required to achieve the correction of 1.8 μA/cm^2^ with 98% power providing that 2 control and 2 treated inserts are analyzed for each patient. We also observe residual CFTR‐dependent Cl^‐^ secretion and significant VX‐809‐related correction in HNE and HBE cultures issued from patients with mild CF phenotypes and various CFTR‐related genotypes.

**Conclusion:** The primary HNE cultures, after previous cells amplification, can be implemented as a model to test the efficacy of CFTR correctors. Such patient‐derived differentiated epithelia constitute a tool for personalized therapy in CF.
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**INSERT TYPE DEPENDENCE OF CFHBE SHORT CIRCUIT CURRENTS**

[Lacerda, A.]{.ul}; Kojukhova, M. *Discovery, Charles River Laboratories, Inc., Cleveland, OH, USA*

Functional evaluation of correctors and potentiators in primary cultures of cystic fibrosis patient derived bronchial/tracheal epithelial cells is a critical component for advancing development of these compounds. We generate highly differentiated air liquid interface cultures of cystic fibrosis patient derived primary bronchial epithelia (CFhBE) with the culture protocol described by Neuberger et al. (1). The epithelia are typically plated on Snapwell polyester (polyethylene terephthalate) inserts. While evaluating culture conditions we found that epithelia plated on polycarbonate Snapwell inserts generated Phe508del CFTR short circuit currents that were about a factor of 2 greater compared to the same cells on polyester inserts. ENaC‐ and calcium‐activated current magnitudes were also affected as well as the composition of calcium activated currents. Corrector and potentiator responses were maintained and similar to responses obtained with polyester inserts. A similar change in insert type impacts the phenotypes of tracheal gland cells (2). The increased signal magnitude is useful for expanding the fidelity and range of current measurements.

**References:**

1\. Neuberger T, et al. Methods Mol Biol. 2011;741:39‐54

2\. Finkbeiner WE, et al. In Vitro Cell Dev Biol Anim. 2010;46:450‐6.
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**COMPARISON OF LUNG CLEARANCE INDEX AND MAGNETIC RESONANCE IMAGING FOR ASSESSMENT OF LUNG DISEASE IN INFANTS AND PRESCHOOL CHILDREN WITH CYSTIC FIBROSIS**

Stahl, M.^2,1,3^; Wielpütz, M.^3,4,5^; Gräber, S.^2,1,3^; Joachim, C.^2,1,3^; Sommerburg, O.^2,1,3^; Kauczor, H.^3,4^; Puderbach, M.^5,6^; Eichinger, M.^3,5,6^; [Mall, M.A.]{.ul} ^2,1,3^ *1. Dept. of Pediatrics, Div. of Pediatric Pulmonology and Allergy and Cystic Fibrosis Center, Univ. of Heidelberg, Heidelberg, Germany* *; 2. Dept. of Translational Pulmonology, Univ. of Heidelberg, Heidelberg, Germany* *; 3. Translational Lung Research Center Heidelberg, German Center for Lung Research, Heidelberg, Germany* *; 4. Dept. of Diagnostic and Interventional Radiology, Univ. of Heidelberg, Heidelberg, Germany* *; 5. Dept. of Radiology, German Cancer Research Center, Heidelberg, Germany* *; 6. Dept. of Diagnostic and Interventional Radiology with Nuclear Medicine, Thoraxklinik at Univ. Hospital Heidelberg, Heidelberg, Germany*

**Background:** Early onset and progression of lung disease in children with cystic fibrosis (CF) indicates that sensitive noninvasive outcome measures are needed for diagnostic monitoring and early intervention clinical trials. The lung clearance index (LCI) and chest magnetic resonance imaging (MRI) were shown to detect early lung disease in CF, however, the relationship between the two measures remains unknown.

**Objectives:** The aim of this study was, therefore, to correlate the LCI with abnormalities detected by MRI in infants and preschool children with CF.

**Methods:** Multiple breath washout (MBW) and chest MRI were performed in 32 clinically stable young children with CF (15 infants and 17 preschool children \< 6 years) at their annual check‐up at our CF center. Children with CF and 35 age‐matched pulmonary healthy children underwent weight‐adapted MBW testing in sedation using sulphur hexafluoride (SF~6~) if \<12kg body weight and nitrogen (N~2~) wash‐out if ≥12kg body weight to assess the LCI and determine LCI *z*‐scores. MRI scans were also performed in sedation and evaluated using a dedicated morphofunctional score.

**Results:** The LCI z‐score was significantly increased in children with CF (2.94 ± 4.33) compared to pulmonary healthy controls (0.14 ± 1.46; *P*\<0.01). Chest MRI detected abnormalities in lung structure and perfusion in most infants and preschool children with CF, with airway wall thickening/bronchiectasis (100%) and mucus plugging (50%) constituting the most prevalent morphological abnormalities. In infants and preschool children with CF, the LCI *z*‐score correlated strongly with the MRI morphology score, MRI‐defined airway wall thickening/bronchiectasis (*P*\<0.05 to *P*\<0.001) and the MRI global score as a measure that integrates all abnormalities detected by MRI (*P*\<0.05 to *P*\<0.01). However, a correlation between LCI *z*‐score and the MRI mucus plugging score was only observed in infants (*P*\<0.05), but not in preschool children with CF, and LCI did not correlate with the MRI perfusion score in either age group.

**Conclusions:** Our results indicate that LCI and MRI may be useful complementary tools for noninvasive monitoring and as quantitative endpoints in early intervention trials in young children with CF. However, our data also suggest that MRI is more sensitive than LCI in detecting early regional mucus plugging causing abnormal lung perfusion in infants and preschool children with CF.

Supported by the German Federal Ministry of Education and Research (82DZL00401 and 82DZL004A1), the Mukoviszidose e.V. (S02/09) and the Dietmar Hopp Stiftung.
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**LONG‐TERM SAFETY AND EFFICACY OF IVACAFTOR IN PEDIATRIC PATIENTS AGED 2‐5 YEARS WITH CF AND A ***CFTR*** GATING MUTATION**

[Rosenfeld, M.]{.ul} ^1^; Robertson, S.^2^; Cooke, J.^3^; Higgins, M.^3^; Davies, J.C.^4,5^ *1. Seattle Children\'s Hospital, Seattle, WA, USA* *; 2. Vertex Pharmaceuticals Incorporated, Boston, MA, USA* *; 3. Vertex Pharmaceuticals (Europe) Limited, London, United Kingdom* *; 4. Imperial College London, London, United Kingdom* *; 5. Royal Brompton and Harefield NHS Foundation Trust, London, United Kingdom*

On behalf of the KLIMB Study Group.

**Introduction:** The 24‐wk open‐label Phase 3 KIWI study demonstrated that the pharmacokinetics and safety of ivacaftor (IVA) in patients (pts) aged 2--5 y with CF and a *CFTR* gating mutation are similar to those seen in older pts (Davies JC, et al. Lancet Respir Med. 2016;4:107‐15). We report here the final results from KLIMB, the long‐term (84‐wk) extension of KIWI.

**Methods:** Pts completing KIWI Part B (24 wks of IVA) could enroll in KLIMB, an open‐label extension study evaluating an additional 84 wks of treatment. Pts aged 2‐5 y received weight‐based dosing (50 mg q12h for body weight \<14 kg; 75 mg q12h for ≥14 kg); pts who turned 6 y during the trial received 150 mg IVA q12h. The primary outcome was safety. Other outcomes included change from baseline (at the start of KIWI) in sweat chloride, weight, BMI, and fecal elastase‐1 (FE‐1) and immunoreactive trypsinogen (IRT) levels.

**Results:** In total, 33 of 34 pts from KIWI Part B enrolled in KLIMB (mean age at KLIMB baseline, 3.7 y). Five discontinued study drug (1 due to elevated ALT/AST levels; 2 switched to commercial IVA; 2 for noncompliance). The most common AE of any grade was cough (73%). Eleven pts had serious AEs; 2 were considered related to IVA (elevated ALT/AST levels). Ten pts had elevated ALT/AST levels \>3x ULN. Of these pts, 4 had elevated ALT/AST levels \>8x ULN in KIWI; IVA was maintained or resumed in all pts except for 1 who discontinued. Significant improvements in sweat chloride, FE‐1 and IRT concentrations and BMI *z*‐score were observed at wk 84 (108 wks total; Table).

**Conclusions:** IVA demonstrated a stable safety profile during an extended 84‐wk follow‐up period in pts with CF aged 2‐5 y with a *CFTR* gating mutation. Reported adverse events were consistent with the known safety profile; the incidence of elevated liver function tests per 24‐wk period was consistent with that observed in KIWI. The improvements seen in KIWI in sweat chloride, BMI *z*‐score, and measures of pancreatic function were maintained in KLIMB.

Sponsored by Vertex Pharmaceuticals Incorporated.

**Table. Absolute Change From KIWI Baseline**
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^a^Davies JC, et al. Lancet Respir Med. 2016;4:107‐15; ^b^Rosenfeld M, et al. Pediatr Pulmonol. 2015;50:S284‐5.

P values assessed for absolute change from KIWI baseline.
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**RELATIONS BETWEEN POTENTIATOR RESPONSES IN INTESTINAL ORGANOIDS AND IN VIVO OUTCOME PARAMETERS IN PATIENTS WITH CFTR GATING MUTATIONS**

[Berkers, G.]{.ul} ^1^; Dekkers, J.F.^1^; Kruisselbrink, E.^1^; Vonk, A.M.^1^; Heida‐Michel, S.^1^; Geerdink, M.^1^; de Winter ‐ de Groot, K.M.^1^; Arets, H.G.^1^; Bronsveld, I.^2^; de Graaf, E.^2^; Majoor, C.J.^3^; Koppelman, G.H.^4^; Roukema, J.^5^; Janssens, H.^6^; Heijerman, H.^7^; Vries, R.^8^; Clevers, H.C.^8^; de Jonge, H.R.^9^; Beekman, J.^1^; van der Ent, C.K.^1^ *1. University Medical Center Utrecht ‐ Wilhelmina Children\'s Hospital, Utrecht, Netherlands* *; 2. University Medical Center Utrecht, Utrecht, Netherlands* *; 3. Academic Medical Center, Amsterdam, Netherlands* *; 4. University Medical Center Groningen, Groningen, Netherlands* *; 5. Radboud University Medical Center, Nijmegen, Netherlands* *; 6. Erasmus Medical Center ‐ Sophia Children\'s Hospital, Rotterdam, Netherlands* *; 7. Haga Teaching Hospital, The Hague, Netherlands* *; 8. Hubrecht Institute for Developmental Biology and Stem Cell Research, Utrecht, Netherlands* *; 9. Erasmus Medical Center, Rotterdam, Netherlands*

**Objective:** We have set up a functional CFTR assay using patient‐derived intestinal stem cell cultures, termed organoids (Dekkers JF, et al. Nat Med. 2013;19:939‐45). This assay allows the quantification of individual responses to CFTR‐modulating drugs, for example potentiators such as ivacaftor (VX‐770) or a combination of the food supplements curcumin and genistein that harbor potentiator activity, and shows clear differences between potency and efficacy of different treatment modalities. Our objective is to evaluate the correlation between the in vitro efficacy of CFTR potentiators in organoids and the corresponding in vivo treatment effect for individual patients with CF. The study is part of the HIT‐CF program.

**Methods:** In total 16 patients with at least one S1251N gating mutation were sequentially treated during 8 weeks with curcumin and genistein, followed by a washout and 8 weeks of ivacaftor treatment (NTR4585 and NTR4873). Organoid cultures were established and potentiator efficacies were investigated using a forskolin‐induced swelling (FIS) assay together with pure compounds or with plasma of patients collected before and during treatment. The in vivo treatment effect was evaluated by measuring change in % predicted FEV1 (%FEV1) and sweat chloride concentration (SCC).

**Results:** Responses in organoids show a similar efficacy but a much lower potency of the food supplements curcumin and genistein in comparison with ivacaftor on restoration of FIS (Dekkers JF, et al. J Cyst Fibros. 2016;doi:10.1016/jcf.2016.04.007). Plasma of patients collected during treatment with ivacaftor strongly potentiated CFTR activity in organoids, but this was absent when using plasma from subjects receiving curcumin and genistein. Patients treated with curcumin and genistein had a mean change in %FEV1 of +1.17 (NS; range ‐7 to +17) and SCC of ‐7.91 mmol/L (p=0.047; range ‐34 to +18). Patients treated with ivacaftor had a mean change in %FEV1 of +12.50 (p=0.001; range ‐1 to +32) and a mean SCC change of ‐54.47 mmol/L (p=0.001; range ‐119 to ‐8).

**Conclusions:** Potentiator treatment of organoids in vitro reflects clinical outcome parameters %FEV1 and SCC in vivo (Dekkers et al. manuscript accepted 2016, Berkers et al. unpublished data). Individual correlations between the in vitro organoid responses and in vivo responses are expected to be available for presentation at the NACFC 2016.

**179\***

**SAFETY, TOLERABILITY, AND PHARMACODYNAMICS OF COMBINATION LUMACAFTOR/IVACAFTOR THERAPY IN PATIENTS AGED 6‐11 YRS WITH CF HOMOZYGOUS FOR THE ***F508DEL‐CFTR*** MUTATION**

[Milla, C.]{.ul} ^1^; Ratjen, F.^2^; Marigowda, G.^3^; Liu, F.^3^; Waltz, D.^3^; Rosenfeld, M.^4^ *1. Stanford University School of Medicine, Palo Alto, CA, USA* *; 2. The Hospital for Sick Children, Toronto, ON, Canada* *; 3. Vertex Pharmaceuticals Incorporated, Boston, MA, USA* *; 4. Seattle Children\'s Hospital, Seattle, WA, USA*

On behalf of the VX13‐809‐011 Part B Investigator Group

**Introduction:** In prior published clinical trials, lumacaftor/ivacaftor (LUM/IVA) was generally well tolerated and led to improvements in lung function and other efficacy measures in patients (pts) aged ≥12 y with CF homozygous for the *F508del‐CFTR* mutation. We report findings from a multicenter, open‐label, 2‐part Phase 3 study evaluating LUM/IVA in pediatric pts with CF and the same mutation status.

**Methods:** Pts aged 6‐11 y received LUM/IVA 200 mg/250 mg q12 h for 24 wk, a dosage determined during part A of the study. Primary endpoints for part B were safety and tolerability of LUM/IVA through 24 wk; safety measures included adverse events (AEs) and spirometry. Secondary endpoints included sweat chloride, BMI, height, weight, and CFQ‐R. Lung clearance index (lung volume turnovers required to reach 2.5% of starting N~2~ concentration \[LCI~2.5~\]) was measured as an exploratory endpoint.

**Results:** Of 58 pts enrolled (31 female; mean age, 9.1 y), 54 completed treatment; 1 was ineligible, 1 withdrew, and 2 discontinued due to AEs (rash, n=1; elevated AST and ALT levels, n=1; all resolved following drug withdrawal). AEs were reported in 55 (94.8%) pts; most were mild (37.9%) or moderate (50.0%) in severity. Common AEs were cough (50.0%), headache (20.7%), infective pulmonary exacerbation (20.7%), and nasal congestion (20.7%). Serious AEs were reported in 4 pts, with 1 possibly related to study drug (elevated AST/ALT). AEs of special interest were observed in 11 pts: 7 (12.1%) with elevated AST/ALT and 4 (6.9%) with respiratory events (dyspnea, n=1; respiration abnormal, n=1; wheezing, n=2). Significant improvements were observed in CFQ‐R scores at wk 24 (LS mean change from baseline \[95% CI\], 5.4 \[1.4, 9.4\]; *P=*0.0085) and in sweat chloride, BMI, and LCI~2.5~ (Table). After a 2‐wk washout, values returned to near baseline for sweat chloride and ppFEV~1~ but not for LCI~2.5~ or BMI (Table).

**Conclusions:** LUM/IVA was generally well tolerated in pts with CF aged 6‐11 yrs homozygous for the *F508del‐CFTR* mutation, with a safety profile consistent with that observed in older pts. Discontinuation due to AEs was infrequent; respiratory AEs (6.9%) were not associated with treatment discontinuation. Clinical improvement observed in lung function, sweat chloride, BMI, and CFQ‐R scores support the efficacy of LUM/IVA in this population.

Sponsored by Vertex Pharmaceuticals Incorporated.
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^a^Summary statistics for change from baseline at wk 26; ^b^ppFEV~1~ determined using Wang equation.

CI, confidence interval; LS, least squares; SD, standard deviation.
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**EVIDENCE OF REDUCTION IN ANNUAL RATE OF FEV~1~ DECLINE AND SUSTAINED BENEFITS WITH LUMACAFTOR AND IVACAFTOR (LUM/IVA) IN PATIENTS (PTS) WITH CF HOMOZYGOUS FOR ***F508DEL‐CFTR*****

[Konstan, M.]{.ul} ^1^; McKone, E.^2^; Moss, R.^3^; Marigowda, G.^4^; Cooke, J.^4^; Lubarsky, B.^4^; Rubin, J.^4^; Millar, S.^5^; Pasta, D.J.^5^; Hamblett, N.M.^6,7^; Goss, C.H.^7^; Morgan, W.J.^8^; Sawicki, G.S.^9^ *1. Case Western Reserve Univ School of Medicine and Rainbow Babies and Children\'s Hosp, Cleveland, OH, USA* *; 2. St Vincent\'s Univ Hosp, Dublin, Ireland* *; 3. Stanford Univ, Palo Alto, CA, USA* *; 4. Vertex Pharmaceuticals Inc, Boston, MA, USA* *; 5. ICON Clin Research, San Francisco, CA, USA* *; 6. Cystic Fibrosis Foundation, Bethesda, MD, USA* *; 7. Univ of Washington, Seattle, WA, USA* *; 8. Univ of Arizona, Tucson, AZ, USA* *; 9. Harvard Medical School, Boston, MA, USA*

**Objective:** To evaluate safety, efficacy, and rate of lung function decline with LUM/IVA treatment in PROGRESS, a 96‐wk extension study to 2 randomized, controlled 24‐wk studies (TRAFFIC/TRANSPORT) in CF pts aged ≥12 yrs homozygous for *F508del*.

**Methods:** Pts on LUM/IVA in TRAFFIC/TRANSPORT continued their assigned dosage in PROGRESS; pts on placebo (PBO) were randomized to 1 of 2 LUM/IVA dosages. The primary endpoint was safety through PROGRESS wk 96; the primary efficacy analysis was at wk 72, with sensitivity analyses at wk 96. Rate of FEV~1~ decline was analyzed by matching study pts with pts homozygous for *F508del* from the US CFF Patient Registry using propensity scoring based on variables associated with FEV~1~ decline. Results for the marketed 400 mg/250 mg q12h LUM/IVA dosage are reported.

**Results:** Including TRAFFIC/TRANSPORT, 340 pts received LUM/IVA for ≤120 wks, and 176 pts on PBO in TRAFFIC/TRANSPORT received LUM/IVA for ≤96 wks in PROGRESS. The 96‐wk safety profile was consistent with TRAFFIC/TRANSPORT; the most common AEs were PEx, cough, increased sputum, hemoptysis, and dyspnea. As in TRAFFIC/TRANSPORT, respiratory AEs occurring in pts initiating LUM/IVA in PROGRESS mostly occurred in the first wk. Blood pressure increases seen in TRAFFIC/TRANSPORT were also observed in PROGRESS. As previously reported, three deaths occurred in PROGRESS (all considered unrelated to LUM/IVA). Mean ppFEV~1~ remained above pretreatment baseline (LUM/IVA to LUM/IVA group absolute LS mean change: 0.5 percentage points at PROGRESS wks 72 and 96). After starting LUM/IVA, PBO pts had a LS mean increase of 3.4 percentage points in ppFEV~1~ at wk 24 of PROGRESS. BMI continued to improve in PROGRESS (LUM/IVA to LUM/IVA group LS mean change: 0.70 kg/m^2^ at wk 72; 0.96 kg/m^2^ at wk 96). Reduction in PEx risk was maintained; annualized event rate was 0.65 for pts receiving ≤120 wks of LUM/IVA---similar to that observed in TRAFFIC/TRANSPORT and less than the PBO rate in TRAFFIC/TRANSPORT (1.14). For rate of ppFEV~1~ decline, 455 LUM/IVA pts were matched with 1588 controls. The groups were well matched. Pts receiving LUM/IVA had a 42% slower rate of decline than controls (1.33 vs 2.29 percentage points per year, respectively; *P*\<0.001).

**Conclusions:** The safety profile of extended LUM/IVA in pts with CF aged ≥12 yrs homozygous for *F508del* for up to 120 wks was consistent with pivotal studies. LUM/IVA maintained mean ppFEV~1~ above pretreatment baseline and showed sustained benefits in PEx rates and BMI for up to 120 wks. LUM/IVA also resulted in a 42% decrease in the annual rate of ppFEV~1~ decline vs matched controls, an effect similar to the 47% reduction previously observed with IVA‐treated *G551D* pts.

Sponsored by Vertex Pharmaceuticals Incorporated
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**BIOMARKERS OF ***P. AERUGINOSA*** CHRONIC LUNG INFECTIONS AND ASSOCIATED BACTERIAL PHENOTYPES**

[Bean, H.D.]{.ul} ^1^; Rees, C.A.^2^; Hill, J.E.^3^ *1. School of Life Sciences, Arizona State University, Tempe, AZ, USA* *; 2. Geisel School of Medicine, Dartmouth College, Hanover, NH, USA* *; 3. Thayer School of Engineering, Dartmouth College, Hanover, NH, USA*

**Introduction:** *Pseudomonas aeruginosa* is the most prevalent cause of lung infections in adults with CF and is associated with increased morbidity. During the progression of infections from initial onset to chronic disease, *P. aeruginosa* acquires traits such as mucoidy, antibiotic resistance, loss of motility, and altered quorum sensing that have been correlated to the stage of infection, pulmonary exacerbation, and lung function decline (Mayer‐Hamblett N, et al. Am J Respir Crit Care Med. 2014;190:289‐97). Therefore, these phenotypes may serve as prognostic indicators of patient outcomes and disease progression. Our long‐term goal is to identify volatile biomarkers that can be used to rapidly, sensitively, and noninvasively detect chronic infection‐associated *P. aeruginosa* phenotypes directly from lung specimens, ie, sputum, bronchoalveolar lavage (BAL), and breath.

**Objective:** The goal of this study is to identify *P. aeruginosa* volatiles that are characteristic of chronic infection adaptation, and putative biomarkers of *P. aeruginosa* phenotypes that are associated with chronic infections.

**Methods:** Paired early‐ and late‐infection *P. aeruginosa* isolates from 16 patients were phenotyped for antibiotic resistance, mucoidy, motility (swimming, swarming, and twitching), and the production of proteases, rhamnolipids, pyoverdine, and pyocyanin. Selected genes were sequenced to confirm known mutations associated with these phenotypes. The isolates were cultured aerobically in rich media, and the headspace volatiles were collected for analysis by comprehensive two‐dimensional gas chromatography -- time‐of‐flight mass spectrometry. Multidimensional statistical analyses were used to identify characteristic changes in volatiles during the progression of infection, and putative biomarkers of specific chronic‐infection phenotypes. Volatiles analysis of sputum, BAL, and breath from *P. aeruginosa*‐infected patients were analyzed to confirm the presence of these biomarkers in patient specimens.

**Results:** All of the *P. aeruginosa* late‐infection isolates exhibited different volatile profiles than the early‐infection isolates from which they evolved. Through the analysis of paired samples, we have expanded our set of previously‐identified biomarkers of mucoidy, and identified new putative biomarkers for quorum‐regulated phenotypes. Subsets of these volatiles have been confirmed to be present in the lung specimens of *P. aeruginosa*‐infected patients. We will perform additional longitudinal analyses of the volatiles from *P. aeruginosa* chronic infections to validate the putative biomarkers we have identified.

**Funding:** Supported by a CFF Postdoctoral Fellowship (HDB), CFF Student Traineeship (CAR), ASU SOLUR and USE scholarships (HDB), CFFT Biorepository (JEH), and the CF Isolate Core at Seattle Children\'s Research Institute (NIH P30 DK089507).
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**TRYPSIN‐LIKE PROTEASE ACTIVITY IN ADULT CF SPUTUM SOL INVERSELY CORRELATES WITH LUNG FUNCTION AND PATIENT SURVIVAL**

[Reihill, J.A.]{.ul} ^1^; Moffitt, K.L.^1^; Jones, A.M.^2^; Elborn, J.S.^3^; Martin, S.L.^1^ *1. School of Pharmacy, Queens University Belfast, Belfast, United Kingdom* *; 2. Manchester Adult Cystic Fibrosis Centre, Manchester, United Kingdom* *; 3. Centre for Experimental Medicine, Belfast, United Kingdom*

**Introduction:** Serine trypsin‐like (TL) proteases, which are excessively active in CF airways, promote activation of the epithelial sodium channel (ENaC) and airways dehydration; a key initiating factor for CF lung disease. Furthermore TL‐ proteases enhance mucin gene expression and mucus hypersecretion, as well as inflammation in human airway epithelial cells. The relationship between TL‐protease activity and markers/outcome of CF airways disease has however not been reported to date.

**Objectives**: The primary objective of the current investigation was to determine whether TL‐ protease activity, measured in adult CF sputum sol, correlates with lung disease and patient outcome (survival). A secondary objective was to compare the strength of any relationships observed with that of neutrophil elastase (NE), an established protease biomarker.

**Methods:** In this cross‐sectional retrospective study we analysed CF sputum sol collected from 30 clinically stable adult CF patients. Protease activity was measured by monitoring the hydrolysis of peptide‐based substrates: BOC‐QAR‐NH~2~Mec was used to determine TL activity and NE activity was measured using *N*‐methoxysuccinyl‐AAPV‐p‐nitroanilide. Biomarkers of inflammation (IL‐8 and TNF‐α) were measured by ELISA. Lung function was assessed by spirometry (FEV~1~). Mortality data were retrospectively obtained and time in months until death or transplantation used for subsequent survival analysis.

**Results:** TL‐like protease activity inversely correlated with lung function (FEV~1~) (r=‐0.4, p=0.031) however, no relationship with IL‐8 and TNF‐α was observed. In contrast, NE was found to correlate with IL‐8: r=0.7, p\<0.001 and TNFα: r=0.7, p\<0.001 but showed no relationship with lung function, indicating that these serine proteases play very distinct roles within the disease process. Kaplan‐Meier analysis demonstrated significantly reduced survival for those individuals with above‐median TL‐protease activity. Levels of NE activity showed no relationship with patient survival. Using a multivariate analysis (adjusted for age and BMI) a significantly increased mortality hazard (HR 1.028, 95% CI 1.007‐1.049; p=0.009) was also identified. These findings are supported by analysis of a validation cohort consisting of samples collected from a separate cohort of 33 adult CF patients.

**Conclusions:** TL‐protease activity inversely correlates with reduced lung function and patient survival. As such, tryptic activity may represent a novel biomarker and moreover a covariate that requires consideration when modelling CF outcomes.
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**REPURPOSING EXISTING THERAPIES FOR CF SUBJECTS WITH RARE ***CFTR*** MUTATIONS USING INTESTINAL ORGANOIDS: THE RAINBOW PROJECT**

[Hagemeijer, M.C.]{.ul} ^1,2^; Berkers, G.^1^; Vonk, A.M.^1,2^; Oppelaar, H.^1,2^; de Winter ‐ de Groot, K.M.^1^; Arets, H.G.^1^; Heida‐Michel, S.^1^; Geerdink, M.^1^; van der Ent, C.K.^1^; Beekman, J.^1,2^ *1. Pediatric Pulmonology, University Medical Center Utrecht, Utrecht, Netherlands* *; 2. Regenerative Medicine Center, University Medical Center Utrecht, Utrecht, Netherlands*

**Objective**: Over 1,500 subjects with cystic fibrosis (CF) live in the Netherlands for which only 15 mutations, out of ˜2,000 reported *CFTR* mutations, are responsible to cause CF in more than 90% of these subjects, with the remaining ˜10% having rare, noncharacterized mutations. For these subjects, identification of CFTR‐restoring drugs is challenging. We developed a functional CFTR assay using patient‐derived intestinal stem cells, termed organoids, in which CFTR function and response‐to‐therapy can be measured easily by the forskolin‐induced swelling (FIS) assay. This assay is an ideal drug‐screening platform to identify (novel) drugs to restore CFTR function in a patient‐specific manner and preclinical setting.

**Methods**: As proof‐of‐concept study being part of the Dutch HIT‐CF program, we demonstrate the ability to repurpose existing drugs, ivacaftor and/or lumacaftor, for CF subjects harboring rare *CFTR* mutations for which these drugs were not registered using our medium‐to‐high throughput screening (HTS) format. Organoids were generated from CF subjects harboring homozygous 1811+1G\>C, R553X/1789C\>T/4375‐3T\>A, F508del/2789+5G\>A, F508del/G461R, F508del/G1249R, and F508del/R347P mutations. Response to ivacaftor and/or lumacaftor was investigated using the FIS assay. Three of the CF subjects were clinically treated with ivacaftor, based on organoid responses, and clinical outcome parameters SCC, NPD, FEV1 and CFQ‐R were evaluated.

**Results**: In vitro pharmacological restoration of CFTR function by (i) ivacaftor was observed for CF subjects with F508del/G461R, R553X/1789C\>T/4375‐3T\>A and F508del/G1249R mutations; and by (ii) ivacaftor/lumacaftor for the F508del/2789+5G\>A and F508del/R347P mutations. No drug response was measured in the homozygous 1811+1G\>C organoids. The three CF subjects that were selected for in vivo treatment with ivacaftor were treated and monitored for a 4‐week period. CFTR‐dependent biomarkers to evaluate the in vivo effect (SCC and NPD), pulmonary function parameters (FEV1 and airway resistance) and CFQ‐R improved significantly for the two CF subjects with the F508del/G1249R mutations but not for the CF subject harboring the F508del/R347P mutations.

**Conclusions**: Our data obtained in this proof‐of‐concept study indicate the feasibility and strength of the in vitro HTS organoid‐swelling assay to identify CFTR‐restoring therapies for extremely rare, uncharacterized *CFTR* mutations and, importantly, that in vitro FIS measurements correlate with in vivo drug responses. Next, we will use our novel 384‐well HTS format to screen (i) published but not clinically approved CFTR‐restoring compounds, (ii) an FDA‐approved drug library, and (iii) the registered ivacaftor and lumacaftor drugs. We anticipate to identify novel, and/or repurpose, old CFTR‐restoring compounds and/or drugs for CF patients with an extremely rare *CFTR* mutation with a prevalence of \<0.5% in the Dutch CF population.
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**A THERAPEUTIC DEVELOPMENT PIPELINE FOR ANTISENSE OLIGONUCLEOTIDE SPLICE MODULATION THERAPY IN ORGANOIDS OF CYSTIC FIBROSIS SUBJECTS**

[Hagemeijer, M.C.]{.ul} ^1,2^; Amatngalim, G.D.^1,2^; Vonk, A.M.^1,2^; Kruisselbrink, E.^1,2^; van der Ent, C.K.^1^; Beekman, J.^1,2^ *1. Pediatric Pulmonology, University Medical Center Utrecht, Utrecht, Netherlands* *; 2. Regenerative Medicine Center, University Medical Center Utrecht, Utrecht, Netherlands*

Approximately 12% of the reported mutations in the cystic fibrosis transmembrane conductance regulator (*CFTR*) gene cause aberrant pre‐mRNA splicing, thus constituting a significant proportion of all reported *CFTR* mutations. The majority of documented splice mutations are rare "orphan" mutations, indicating a need for the development of therapeutics that requires a novel, highly personalized drug development approach.

One of the most straightforward splice modulating approaches is the use of antisense oligonucleotides (AONs), short complementary RNA molecules of ˜20 nucleotides that base‐pair with the target pre‐mRNA, thereby correcting aberrant splicing by masking or modulating the aberrant splice site(s) or splicing regulatory element(s) and forcing the spliceosomal machinery to use the authentic splice site.

A rapid and standardized preclinical approach that facilitates the selection of AONs with potential in vivo benefits is currently the important rate‐limiting step in *CFTR* splice modulation therapy. Over the last years, we developed a novel functional CFTR assay using organoids in which CFTR function and response to therapy can be measured by the forskolin‐induced swelling (FIS) assay. Importantly, FIS measurements correlate with known CFTR genotype/phenotype/response‐to‐therapy relations, indicating that the organoid in vitro model incorporates important in vivo disease characteristics and therapeutic effects.

Here, we present our approach that is part of the Dutch HIT‐CF program, to set up a novel therapeutic development pipeline for identification of AONs that target *CFTR* splicing mutations. Recently, we expanded and optimized the FIS assay into a 384‐well medium‐to‐high throughput‐screening format. Our AON development pipeline will consist of three successive steps: (i) identification and development of candidate AON sequences by using previously published guidelines and bioinformatic tools, with the potential to modulate levels of correctly spliced *CFTR* in CF subjects; (ii) efficacy testing of AONs to restore CFTR function in organoids harboring splicing mutations using a two‐step AON‐tiling approach to select effective AONs; and (iii) characterization and validation of AON‐induced mechanisms of splicing modulation in organoids and primary airway cells.

Our approach to establish a robust development pipeline using intestinal organoids of CF subjects will allow us to quickly identify antisense oligonucleotide therapies and addresses the needs of subjects expressing *CFTR* splice mutations that can be modulated by AONs in a subject‐specific manner and preclinical setting.
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**BIOMARKERS OF INFLAMMATION AND OXIDATIVE STRESS IN CF: IMPLICATIONS FOR ANTI‐INFLAMMATORY DRUG DEVELOPMENT**

[Jain, R.]{.ul} ^1^; Khan, U.^2^; Baines, A.^2^; Sagel, S.D.^3^ *1. University of Texas Southwestern, Dallas, TX, USA* *; 2. Seattle Children\'s Hospital, Seattle, WA, USA* *; 3. Pediatrics, Children\'s Hospital Colorado, Aurora, CO, USA*

**Introduction:** Chronic inflammation and an oxidant/anti‐oxidant imbalance are hallmarks of CF lung disease. Anti‐inflammatory therapies are needed to improve outcomes for individuals with CF. Biomarkers of inflammation and oxidative stress can play a critical role in anti‐inflammatory drug development. However, the most informative and responsive biomarkers in sputum and/or blood need to be determined.

**Methods:** In a recently completed clinical trial of an oral antioxidant‐enriched multivitamin supplement, CF subjects ≥10 years of age with an FEV1 40‐100% predicted were randomized to 16 weeks of an antioxidant‐enriched multivitamin (n=36) or control multivitamin without antioxidants (n=37). Systemic and sputum markers of inflammation and oxidative stress \[*blood markers*: WBC counts, hs‐CRP, calprotectin, serum amyloid A, myeloperoxidase (MPO), malondialdehyde, protein carbonyls, total antioxidant capacity; *sputum markers*: MPO, free neutrophil elastase activity, A~1~AT, SLPI, IL‐8, TNF‐α, 8‐iso‐PGF~2~ ~a~, 8‐OHdG; *urine marker*: 8‐iso‐PGF~2~ ~a~\] were measured at baseline and 16 weeks along with clinical outcomes (pulmonary function, anthropometric measures, pulmonary exacerbations).

**Results:** Baseline biomarker data are available for 73 subjects (33 males, 40 females). The mean age of these subjects was 22.6 years (29 were \<18 years of age, 28 were 18‐30 years, and 16 were \>30 years of age). Mean FEV1 was 74.1% predicted (21 had an FEV1 between 40‐70%, 40 had an FEV1 between 70‐90%, 12 had an FEV1 between 90‐100%). Systemic and sputum biomarker data by age, gender, and underlying lung function will be reported. Correlations between markers of inflammation and oxidative stress and key clinical endpoints including FEV1 will be determined. Additionally, longitudinal changes in these biomarkers over 16 weeks can be examined in the control group.

**Conclusions:** These analyses will help to determine which biomarkers to include as endpoints in anti‐inflammatory clinical trials and who to target for these trials in terms of age (pediatric subjects, adults, or both) and underlying lung function.

Supported by CFFT; acknowledging TDN sites, CF patients and families.
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**CHARACTERISING EXOSOMES AS INFLAMMATORY MARKERS IN CYSTIC FIBROSIS**

[Reilly, R.]{.ul} ^1^; Shields, S.^1^; Dempsey, E.^1^; Wynne, K.^1^; Carter, S.^2^; McKone, E.F.^2^; Coppinger, J.^1^ *1. School of Biomolecular and Biomedical Science, Conway Institute, Dublin, Ireland* *; 2. St. Vincent\'s University Hospital, National Referral Centre for Adult Cystic Fibrosis, Dublin, Ireland*

**Background:** Cystic fibrosis transmembrane conductance regulator (CFTR) functions as a channel that regulates transport of ions across the epithelial barrier. Mutations in the *CFTR* gene form the basis for the clinical manifestations of CF which affects the epithelial innate immune function in the lung. Epithelial dysfunction results in the initiation of a pro‐inflammatory cascade in CF airways that leads to the recruitment of leukocytes (1). Exosomes are nanovesicles (40--100nm) actively secreted by most living cells that contain proteins involved in cell‐to‐cell signaling. In order to shed further light on how CFTR dysfunction could potentially regulate the inflammatory response we have characterised exosomes released from cells with mutated CFTR.

**Methods**: Exosomes were isolated from WT‐ and ΔF508‐CFBE and CF patient samples cells using ultracentrifugation. Exosome fractions were analysed by mass spectrometry. Bioinformatics using Ingenuity Pathway analysis was performed. Exosomes were further characterised by NanoSite NS300 analysis and biochemical assays.

**Results**: We observed a higher number of exosomes released from ΔF508‐CFBE cells compared to WT cells using Nanosite NS300 analysis. There was also an increase in the number of proteins identified in ΔF508‐derived exosome populations. Ingenuity pathway analysis shows that the top pathways that differ between exosomes from WT vs ΔF508 exosomes include the eukaryotic initiation factor 2 pathway (a pathway associated with NFkB), integrin signaling and acute inflammatory response. In fact, ΔF508 exosomes were enriched with the integrin CD47 which has been reported to play a role in leukocyte transmigration (2). We are currently characterizing the role of exosomal CD47 in modulating neutrophil transmigration. Furthermore, we analysed exosome profiles from CF patient BAL fluid and serum. We identified 66 different proteins between CF patients and controls in CF fluids. We are currently examining exosome profiles in serum samples from CF patients under different treatments.

**Conclusion:** We have found evidence that exosomes from ΔF508 cells have unique protein profiles and are rich in inflammatory modulators that may regulate leukocyte transmigration in CF airways. This establishes a novel connection between CFTR dysfunction, exosome biogenesis and CF inflammation that we are further investigating. Additionally, we have identified a potential diagnostic role for exosomes in CF patient fluids.

**References:**

1\. Hartl D, et al. J Cyst Fibros. 2012;11:363‐82.

2\. Herter J, Zarbock A. J Immunol. 2013;190:4451‐7.
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**PHASE 1 INITIAL RESULTS EVALUATING SAFETY, TOLERABILITY, PK AND BIOMARKER DATA USING PTI‐428, A NOVEL CFTR MODULATOR, IN PATIENTS WITH CYSTIC FIBROSIS**

[Mouded, M.]{.ul} ^1^; Layish, D.^6^; Sawicki, G.S.^2^; Milla, C.^3^; Flume, P.A.^4^; Tolle, J.^5^; Vansaghi, L.^7^; Watson, C.^1^; Munoz, B.^1^; Bhalla, A.^1^; Ivarsson, M.^1^; Lee, P.^1^ *1. Proteostasis Therapeutics Inc, Cambridge, MA, USA* *; 2. Boston Childrens, Boston, MA, USA* *; 3. The Stanford Cystic Fibrosis Center, Stanford, CA, USA* *; 4. Medical University of South Carolina, Charleston, SC, USA* *; 5. Vanderbilt University Med Center, Nashville, TN, USA* *; 6. Central Florida Pulm Group, Orlando, FL, USA* *; 7. Quintiles, Overland Park, KS, USA*

**Objectives:** To determine the safety, tolerability, and pharmacokinetics (PK) of cystic fibrosis transmembrane conductance regulator (CFTR) amplifier PTI‐428 in subjects with cystic fibrosis (CF) and in healthy volunteers.

**Background:** Despite significant advances achieved by currently approved CFTR modulators, substantial medical need remains for CF patients who are either not eligible for or who experience suboptimal benefit from these genotype restricted treatment options. A high‐throughput screening strategy that enriches for small molecules acting on the translated sequence of CFTR mRNA transcript was used to identify a new class of CFTR modulators termed CFTR amplifiers. Data generated in vitro with CFTR amplifiers demonstrated improvement in chloride currents across multiple CFTR mutations and synergy with other CFTR modulators, such as correctors and potentiators. Amplifiers are CFTR mutation agnostic and lead to increased levels of immature CFTR protein along with stabilization in CFTR mRNA allowing for more substrate for other CFTR modulators to act upon. PTI‐428 is an amplifier currently in Phase I trials designed to determine safety and tolerability in CF subjects and healthy volunteers.

**Methods:** A randomized, double‐blind, placebo‐controlled Phase 1 clinical study is being conducted in subjects with CF, between the ages of 18 and 55, with a forced expiratory volume in 1 second (FEV1) \> 50% of predicted. The single‐ascending dose (SAD) study in CF subjects consists of three cohorts of 4 randomized 3:1 (active: placebo) with oral doses of PTI‐428 starting from 10 mg. The SAD portion is followed by a multiple ascending dose (MAD) study consisting of three cohorts of 8 subjects randomized 6:2 (active: placebo) dosed for seven days with oral, daily doses of PTI‐428 starting from 20mg. The primary objective is assessment of safety and tolerability with the secondary objective of assessment of the PK of PTI‐428. Exploratory objectives include changes in sweat chloride measurements, as well as changes in CFTR mRNA expression from nasal brushings in order to validate the use of mRNA expression as a biomarker predictive of patient response to the investigational drug. Concurrently, an additional Phase 1 drug‐drug interaction (DDI) study of PTI‐428 with oral hormonal contraceptives in healthy volunteers is being conducted with SAD and MAD dose escalation components prior to DDI evaluation. Safety, tolerability, PK and CFTR mRNA expression are assessed.

**Results:** Preliminary data from the SAD and MAD cohorts, which will include safety, tolerability, PK and biomarker evaluation in the Phase 1 trials, are expected in advance of the 2016 North American Cystic Fibrosis Conference (NACFC).

**Conclusions:** PTI‐428 represents a new class of CFTR modulator that is in clinical development targeting CF patients with any mutation.
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**DISCOVERY AND BIOLOGICAL PROFILE OF NEXT‐GENERATION CFTR CORRECTORS**

[Grootenhuis, P.]{.ul}; Van Goor, F.; Hadida, S.; Burton, B.; Young, T.; Selkirk, J.; Chen, W.; Zhou, J.; Yu, H.; Negulescu, P. *Vertex Pharmaceuticals Incorporated, Boston, MA, USA*

**Introduction:** One therapeutic strategy to enhance clinical benefit in patients with CF who have one or two copies of *F508del*‐CFTR is to combine CFTR correctors that act through different mechanisms to increase CFTR at the cell surface. Using cell‐based assays of CFTR function we have identified "next‐generation" CFTR correctors that are active on their own and additive to first‐generation correctors (lumacaftor or VX‐661). Extensive medicinal chemistry optimization of the pharmacological activity and drug‐like properties led to the discovery of the next‐generation CFTR correctors VX‐152 and VX‐440, which are in early‐stage clinical studies.

**Methods:** Pharmacological activity of VX‐152 and VX‐440 was assessed in biochemical and functional studies using cultured human bronchial epithelial (HBE) cells derived from five patients with CF who were homozygous for *F508del* (*F508del/F508del*‐HBE) or 3 patients who were heterozygous for *F508del* and either *G542X* or *3905InsT*, which do not produce full‐length CFTR protein. The functional data were normalized to chloride transport in HBE derived from 4 non‐CF donors (% normal).

**Results:** VX‐152 and VX‐440 are CFTR correctors, as they facilitated the processing and trafficking of CFTR in *F508del/F508del*‐HBE to increase the amount of CFTR at the cell surface. Addition of a first‐generation CFTR corrector in combination with VX‐152 or VX‐440 further facilitated the processing and trafficking of CFTR, indicating that the combination delivered more CFTR to the cell surface than either corrector alone. In Ussing chamber studies using *F508del/F508del*‐HBE, 24‐hour treatment with VX‐152 or VX‐440 alone enhanced chloride transport from a baseline of 6% normal to 19% and 16% normal, respectively. Compared with lumacaftor plus ivacaftor, which increased chloride transport to 27% of normal, the triple combination of VX‐661, ivacaftor and VX‐152 or VX‐440 increased chloride transport to 75% and 68% normal, respectively. These levels were higher than the level of chloride transport in *G551D/F508del*‐HBE treated with ivacaftor (48% normal). For all conditions tested, the response in *F508del/G542X*‐ or *F508del/3905InsT*‐HBE was approximately half of that observed in *F508del/F508del*‐HBE, consistent with a gene dose effect. In addition to improving chloride transport, the triple combination with VX‐152 or VX‐440 improved fluid transport and ciliary beat frequency more than lumacaftor and ivacaftor in *F508del* homozygous and heterozygous HBE. In addition to these results, further progress on the identification and optimization of next‐generation correctors will be discussed.

**Conclusion:** These in vitro data support the clinical evaluation of VX‐152 or VX‐440 in combination with first‐generation CFTR correctors and ivacaftor to evaluate clinical benefit in patients with CF who have *F508del* on one or both CFTR alleles.

Sponsored by Vertex Pharmaceuticals Incorporated.
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**NOVEL CORRECTORS AND POTENTIATORS AUGMENT EFFICACY OF TRANSLATIONAL READTHROUGH IN CFTR NONSENSE MUTATIONS**

[Mutyam, V.]{.ul} ^1^; Peng, N.^1^; Sharma, J.^1^; Xue, X.^1^; Bedwell, D.M.^1^; Andrews, M.^2^; Van der Plas, S.^2^; Conrath, K.^2^; Rowe, S.M.^1^ *1. Univ. of Alabama at Birmingham, Birmingham, AL, USA* *; 2. Galapagos NV, Generaal De Wittelaan L11A3, 2800 Mechelen, Belgium*

Premature termination codons (PTCs) in *CFTR* result in nonfunctional CFTR protein and are the proximate cause of ˜11% of CF‐causing alleles. Aminoglycosides (AGs; G418, gentamicin), synthetic AGs (NB124, Eloxx), ataluren (PTC124, PTC Therapeutics) and escin have been shown to induce readthrough (RT) of PTCs and partially restore CFTR protein expression and function. To achieve therapeutic levels, we have shown that a combination approach of using the CFTR potentiator ivacaftor (VX‐770) with the corrector lumacaftor (VX‐809) is beneficial for enhancing RT of premature stop mutations. Using novel correctors and potentiators from Galapagos, we examined if these modulators had synergistic effect with RT agents that could enhance CFTR function to achieve therapeutic levels.

Stably transduced Fisher rat thyroid (FRT) G542X, W1282X or R1162X cells were pretreated with G418 (250 μg/mL) or escin (10 μM) to induce RT, with corrector 1 (C1 or early corrector, 0.5 μM) and corrector 2 (C2 or late corrector (complementary to C1), 3 μM) alone or in combination to enhance processing; transepithelial conductance (Gt) was recorded before and after CFTR stimulation with forskolin (10 μM) followed by investigational potentiator (GLPG1837, previously described as GP‐5, 10 μM) or ivacaftor (10 μM). Similar studies were also carried out in primary HBE (human bronchial epithelial, G542X/F508del and W1282X/F508del) cells for short‐circuit current (Isc) analysis. A cell‐surface expression assay with horseradish peroxidase (HRP)‐tagged FRT‐G542X or W1282X cells was used to examine cell surface expression of CFTR following treatment.

GLPG1837 and VX‐770 showed dose‐dependent increases in CFTR activity (Gt) in all the three FRT CFTR PTC cell lines compared to vehicle control (P\<0.05), but only when RT was induced by G418 pretreatment. In FRT W1282X and R1162X, GLPG1837 CFTR activity was significantly greater than VX‐770 (P\<0.05). In a triple‐combination approach, correctors alone (C1 or C2) or combined (C1+C2) did not significantly enhance CFTR‐dependent Gt compared to G418 alone, indicating the synergy of CFTR modulators with RT agents. In HRP assay, CFTR expression levels were significantly higher in combination of C1+C2 and G418 compared to vehicle. Escin showed significant synergy with C1+C2 and GLPG1837 pretreatment (Gt: 6.5± 0.3 mS/cm^2^) as compared to VX‐809+GP‐5 (Gt: 1.8± 0.1 mS/cm^2^). In contrast to FRT G542X, in FRT W1282X cells, C1+C2 were significantly efficacious, both alone and in combination with RT agents. In addition, GLPG1837‐induced response was significantly higher in the FRT‐W1282X mutation compared to G542X and R1162X mutations. Evaluation of CFTR activity in primary cells is in progress.

In conclusion, the combination of novel correctors and a potentiator show significant synergy with RT agents. Further, the combination of correctors (C1+C2) exhibited a significant benefit for the W1282X mutation as corrector therapy was efficacious on its own (without RT), especially when combined with GLPG1837. Combination therapy (CFTR modulators + RT agents) may be a useful approach to augment repair of *CFTR* nonsense mutations.
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**FUNCTIONAL CHARACTERIZATION OF ESTABLISHED AND NOVEL NONSENSE MUTATION READTHROUGH MODULATORS IN ENGINEERED FRT CELL LINES AND PRIMARY HUMAN BRONCHIAL EPITHELIAL (HBE) CELLS**

[Bihler, H.]{.ul} ^1^; Harrington, J.^1^; Musisi, I.^1^; Mercadante, D.^1^; Hong, J.S.^2^; Rab, A.^2^; Sorscher, E.J.^3^; Saltz, J.^1^; Mahiou, J.^1^; Wong, E.^1^; Liang, F.^1^; Mense, M.^1^ *1. CFFT Lab, Cystic Fibrosis Foundation Therapeutics, Lexington, MA, USA* *; 2. University of Alabama at Birmingham, Birmingham, AL, USA* *; 3. Emory University School of Medicine, Atlanta, GA, USA*

In about 10% of CF patients premature termination codon (PTC) mutations, or nonsense mutations, are found in the *CFTR* gene on at least one allele. Nonsense mutations, also referred to as Class I mutations, cause premature termination of CFTR protein translation. Consequently, no functional full‐length CFTR protein is generated from PTC mutant genes. For patients with nonsense mutation alleles readthrough‐promoting therapeutics are a serious unmet need. Small molecule‐mediated readthrough of PTCs holds the promise of potential treatment for patients with this mutation class.

Here, we report on the functional rescue efficacy of natural and modified aminoglycosides (AGS) gentamicin, G418, and NBXX (Eloxx Pharmaceuticals). All have previously been shown to promote PTC readthrough. As non‐AGS small molecule readthrough modulators, we studied ataluren, which has shown modest efficacy in some CF patients. It is currently in a pivotal clinical trial. Also tested was RTC13, a compound for which in vitro readthrough activity has been reported. We assessed functional rescue of the two most common *CFTR* nonsense mutations, G542X and W1282X, as well as for Y122X. The readthrough drugs were tested alone or in combination with nonsense mediated decay (NMD) inhibitors (SMG1i, NMDi14, Amlexanox), and/or CFTR corrector VX‐809. Conductance (G~t~) studies were performed with isogenic FRT cell lines stably transfected with CFTR PTC mutants, and hBE equivalent current (I~eq~) measurements were carried out with heterozygote primary hBE cells of F508del/G542X or F508del/W1282X genotypes.

**Key findings:** *hBE*: 1) Responsiveness of three F508del/G542X and two F508del/W1282X donor cells was tested for certain treatments with above‐mentioned agents, but only G418 and Eloxx AGS treatments (48/72h) yielded an increase in CFTR‐mediated current in two of the G542X containing donor cells. 2) Functional rescue of CFTR G542X by G418 (50 μM) and Eloxx AGS NB84, NB127 (250 μg/mL) in these cells was quite modest, but significant (15‐20% of VX‐809 control). 3) 0.2 μM of SMG1i, an inhibitor of SMG1, doubled CFTR activity when combined with G418, while NMDi14 (to be confirmed) and VX‐809 (3 μM) yielded only marginal increases. Amlexanox was ineffective.

*FRT*: 1) G418 is over 20‐fold more efficacious for all three PTC mutations than gentamicin when compared at 300 μM/72h. 2) Ataluren was ineffective, but RTC13 showed marginal rescue of CFTR function: 10‐25% of G418 (W1282X \> G542X, Y122X). 3) VX‐809 coincubation boosted readthrough‐mediated CFTR activity (mS/cm^2^) by ca. 50%. 4) SMG1i (3 μM) increased CFTR activity in W1282X 2‐fold (3‐fold in combo with NMDi14), but both compounds were ineffective for CFTR Y122X or G542X.

*hBE & FRT*: Streptomycin/hygromycin B (AGS) media supplements had no measurable effect on compound activities.

Data supporting these findings as well as functional data of our best PTC hits from an 80K compound library screen will be presented at the conference.
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**DENDRIMER‐BASED SELECTIVE AUTOPHAGY‐INDUCTION RESCUES ΔF508‐CFTR PROTEIN‐AGGREGATION AND ***PA***‐INFECTION IN CF CELLS**

Brockman, S.M.^2^; Bodas, M.^2^; Sharma, A.^1^; [Vij, N.]{.ul} ^2^ *1. Central Michigan University, College of Science and Engineering, Mount Pleasant, MI, USA* *; 2. Central Michigan University, College of Medicine, Mount Pleasant, MI, USA*

**Introduction:** Cystic fibrosis (CF) is a monogenic lethal disorder caused by mutation(s) in the CFTR gene. The most common mutation, ΔF508, leads to protein‐misfolding that induces ROS‐mediated autophagy‐impairment leading to CFTR‐accumulation in aggresome‐bodies. Moreover, this can impair the autophagosome‐mediated clearance of *Pseudomonas aeruginosa* (*Pa*), the common CF pathogen. Hence, in this study we synthesized and evaluated the efficacy of cysteamine (an autophagy inducing antibacterial drug)‐tagged dendrimers (DDN^CYS^) in rescuing ΔF508‐CFTR protein aggregation and *Pa* infection.

**Methods:** Generation‐4 (G4) diaminobutane (DAB) dendrimer core with amine surface was synthesized and reacting G4‐DAB core amine dendrimer with Traut\'s reagent formed G4‐SH. The resulting nano‐formulation was characterized using an autophagy‐reporter assay, PAGE‐gel analysis and transmission electron microscopy (TEM). The CFBE41o‐, IB3‐1 and/or HEK293 cells were used to determine the therapeutic efficacy of DDN^CYS^ as compared to DDN in rescuing ΔF508‐CFTR by immunofluorescence microscopy, flow cytometry and immunoblotting. Moreover, cells treated with DDN‐control or DDN^CYS^ were infected with *Pa*‐PAO1‐GFP (MOI: 1 or 10) and the bacterial counts were quantified by immunofluorescence microscopy and flow cytometry.

**Results:** We first synthesized and characterized DDN^CYS^. Briefly, acidic PAGE was used to analyze the cysteamine conjugates. For comparison, ladder (G2‐G5) was used. We verified the presence of conjugate obtained under our synthesis conditions as compared to the unreacted G4 that showed only one band "B." Moreover, we did not observe any evidence of cross‐linking of the conjugates via disulfide formation. Next, we characterized the size and dispersion of DDN^CYS^ formulation by TEM and found DDN/DDN^CYS^ size to be around 8‐10 nm. The efficacy of DDN^CYS^ in inhibiting ubiquitinated protein accumulation in aggresome bodies was verified by LC3/Ub‐reporter assay. We also investigated the effectiveness of (DDN^CYS^) in CFBE41o‐ cells and observed a modest rescue of ΔF508‐CFTR as the C‐form. Immunofluorescence microscopy of HEK293 cells transfected with ΔF508‐CFTR‐GFP showed that DDN^CYS^ treatment rescues the misfolded‐ΔF508‐CFTR from aggresome bodies by inducing its trafficking to the cell membrane. We further verified these results by flow cytometry and observed significant (p\<0.05; DDN vs. DDN^CYS^) rescue of membrane‐ΔF508‐CFTR with DDN^cys^ treatment using nonpermeabilized IB3‐1 cells immunostained for CFTR. Finally, we assessed the antibacterial potential of DDN^CYS^ by treating IB3‐1 cells infected with PA01‐GFP and observed a significant (p\<0.01; DDN vs. DDN^CYS^) decrease in intracellular bacterial counts by both immunofluorescence microscopy and flow cytometry.

**Conclusion:** We demonstrate here the therapeutic efficacy of dendrimer‐based selective autophagy‐induction (DDN^CYS^) in rescuing ΔF508‐CFTR from aggresome bodies while promoting its trafficking to the cell membrane. Moreover, DDN^CYS^ treatment significantly inhibits *Pa*‐infection in CF cells by inducing autophagy‐mediated bacterial clearance.
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**DISCOVERY AND CHARACTERIZATION OF ABBV/GLPG‐2222, A NOVEL FIRST GENERATION CFTR CORRECTOR**

[Singh, A.K.]{.ul} ^1^; Alani, S.^1^; Balut, C.^1^; Fan, Y.^1^; Gao, W.^1^; Greszler, S.^1^; Jia, Y.^1^; Liu, B.^1^; Manelli, A.^1^; Searle, X.^1^; Swensen, A.^1^; Vortherms, T.^1^; Yeung, C.^1^; Conrath, K.^2^; Wang, X.^1^; Tse, C.^1^ *1. Abbvie, Inc., North Chicago, IL, USA* *; 2. Galapagos, Mechelen, Belgium*

To address the most prevalent defects leading to cystic fibrosis, two biomolecular activities are required, namely correctors to increase properly folded F508delCFTR levels at the cell surface, and potentiators to allow the effective opening of the F508delCFTR channel. Combined, these activities allow chloride ion transport leading to improved hydration of the lung surface and subsequent enhancement of mucociliary clearance. Abbvie and Galapagos are collaborating to develop a series of compounds capable of performing each of these activities individually. Orkambi from Vertex Pharmaceuticals represents the first disease‐modifying therapy for CF patients with homozygous F508del mutation, and was approved based on marginal but statistically significant improvement in lung function (FEV~1~). However, there still exists a high unmet medical need with F508del CF patients for a more robust therapy.

Herein we report the identification and in vitro characterization of ABBV/GLPG‐2222, a novel, potent and orally bioavailable corrector currently in clinical trials that exhibits substantial improvements over the existing correctors in the clinic. This includes improvements in potency and drug‐drug‐interaction (DDI) compared to lumacaftor (VX‐809) and improvements in potency and efficacy compared to VX‐661. ABBV/GLPG‐2222 exhibits potent in vitro functional activity in primary patient cells harboring F508del/F508del CFTR with an EC~50~ \<10nM. In sum, ABBV/GLPG‐2222 represents the second component of a three‐component combination therapy to treat the most prevalent CFTR mutation, F508del.

AS, SA, CB, YF, WG, SG, YJ, BL, AM, XS, AMS, TV, CY, XW and CT are employees of AbbVie. The design, study conduct, and financial support for the research conducted by AbbVie were provided by AbbVie. AbbVie participated in the interpretation of data, review, and approval of the publication.
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**ENGINEERING PEPTIDOMIMETIC THERAPEUTIC LEADS TO ENHANCE ΔF508 CFTR STABILITY AT THE APICAL MEMBRANE**

[Gill, N.P.]{.ul} ^1^; Amacher, J.F.^1^; Wallace, L.J.^2^; Spaller, M.R.^2,3^; Madden, D.R.^1^ *1. Biochemistry, Dartmouth College, Hanover, NH, USA* *; 2. Chemistry, Dartmouth College, Hanover, NH, USA* *; 3. Pharmacology and Toxicology, Dartmouth College, Hanover, NH, USA*

CF is a lethal autosomal recessive disease in which the gene encoding the [CF t]{.ul}ransmembrane conductance [r]{.ul}egulator (CFTR) is mutated. The most common mutation in CFTR, ΔF508, results in 3 primary intracellular defects: inefficient folding in the ER, diminished chloride transport across the apical membrane, and increased lysosomal degradation. There is an FDA‐approved combination therapy that alleviates those defects: VX‐809 assists proper CFTR folding in the ER and VX‐770 enhances the ability of CFTR to efflux chloride at the apical membrane. Combinatorial treatment with VX‐809 and VX‐770, however, demonstrates modest effects (ΔFEV~1~ = 3%) in homozygous ΔF508 CF patients and no efficacy in heterozygous patients. Currently, no therapeutics are designed to stabilize CFTR. Rapid lysosomal degradation of mature CFTR is facilitated by the [C]{.ul}FTR[‐a]{.ul}ssociated [l]{.ul}igand (CAL), a negative regulator that binds the CFTR C‐terminus *via* a PDZ domain‐mediated interaction (Cheng J, et al. J Biol Chem. 2002;277:3520‐9). To directly address CFTR instability, we engineered a series of synthetic peptide inhibitors of CAL (iCAL) that bind the CAL PDZ domain (CALP) with unprecedented selectivity (Vouilleme L, et al. Angew Chem Int Ed Engl. 2010;49:9912‐6). These inhibitors significantly increase ΔF508 CFTR abundance and conductance at the apical membrane. To determine if our therapeutic leads are amenable to nonproteinogenic amino acid substitutions, we substituted acetylated lysine residues at modulatory sites along iCAL without ablating its target affinity. We crystallized each peptide in complex with CALP and determined structure complexes at resolutions ≤ 1.55 Å (Amacher JF, et al. PLoS One. 2014;9:e103650). From these data, we hypothesized that the incorporation of complex, unnatural side‐chains in iCAL will enhance its affinity and selectivity towards CALP. We utilized high‐throughput *in silico* modeling to identify putative modifications that, when coupled to modulatory lysine residues, will enhance the affinity between our iCAL peptidomimetics and CALP. We performed fluorescence polarization competition assays to determine inhibition constants (K~I~) between CALP and each modified peptide. Among the peptides investigated, we observed a 2‐ to 3‐fold increase in affinity between CALP and iCAL (K~I~ ≈ 20‐30 μM) relative to the unmodified peptide, indicating a moderate‐to‐weak interaction. Furthermore, we subjected these peptidomimetics to crystallographic analysis to understand potential mechanisms by which these modifications enhance affinity towards CALP. These experiments demonstrate that the incorporation of synthetic side‐chain modifications at modulatory sites can enhance the binding affinity between CALP and iCAL. Extending this experimental workflow to other iCAL sites will greatly expand the chemical diversity available to explore in order to enhance the affinity and selectivity of our therapeutic leads. A selective, highly potent iCAL therapeutic, administered in conjunction with Orkambi, could attenuate mutant CFTR defects and augment treatment efficacy in a broader spectrum of CF patients. This work was supported in part by NIH award R01‐DK101451.
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**CORRECTION OF THE MOST FREQUENT PREMATURE TERMINATION CODON MUTATIONS IN CFTR BY SITE‐DIRECTED RNA EDITING**

[Vallecillo‐Viejo, I.C.]{.ul} ^1,2^; Montiel, M.F.^1^; Rosenthal, J.^1^ *1. Institute of Neurobiology, University of Puerto Rico, San Juan, PR, USA* *; 2. Department of Pharmacology, University of Puerto Rico, San Juan, PR, USA*

**Background:** RNA editing is an enzymatic process that initiates site‐directed mutagenesis within RNAs. This process is catalyzed by adenosine deaminases that act on RNA (ADARs), a family of enzymes that convert adenosines (A\'s) to inosines (I\'s) in various RNAs. I is structurally similar to guanosine (G) and an A‐to‐I change is interpreted as an A‐to‐G change by ribosomes and other biological processes. As a result of this mechanism, protein function may be altered, particularly if editing occurs within mRNA coding regions. In our lab, we have engineered a recombinant ADAR that guides the editing reaction to a specific adenosine of our choosing within an RNA. Using this site‐directed RNA editing (SDRE) strategy, we have attempted to correct the most common premature termination stop codons (PTCs) in CFTR in transiently transfected HEK293T cells.

**Objective:** Our long‐term goal is to use SDRE for restoring functional CFTR chloride currents in five of the most frequent PTC mutations within CFTR (G542X, W1282X, R553X, R1162X, and Y122X). In the short‐term we aim to maximize the efficiency of SDRE to correct different CFTR PTCs while reducing off‐target edits in a transiently transfected system.

**Methods:** As a first step, we tested editing efficiency of our SDRE in all five CFTR PTCs (G542X, W1282X, R553X, R1162X, and Y122X). HEK293T cells were transiently transfected with the different CFTR mutations, editase and RNA guide. Four days posttransfection, we measured correction at the level of RNA by RT‐PCR and direct sequencing. To reduce off‐target editing events, we added an SV40 large T‐antigen nuclear localization signal (NLS) to our recombinant editing enzyme. Immunofluorescence experiments were performed with α‐Flag antibody to determine nuclear localization. We next tested the editing efficiency of our nuclear‐localized enzyme in all different CFTR PTCs as before.

**Results / Conclusions:** Using our SDRE, we have detected efficient (≥ 37 %) editing at the target adenosine in HEK293T cells in all CFTR PTCs tested: CFTR G542X (UG[A]{.ul}G; 37%), W1282X (UG[A]{.ul}A; 63%), R553X (UG[A]{.ul}G; 46%), R1162X (UG[A]{.ul}G; 86%), and Y122X (U[AA]{.ul}; 83 and 75%). However, there were various degrees of off‐target editing events dependent on the mutation. To decrease off‐target edits, we added an NLS to our editase and tested its ability to reduce off‐targets in all PTCs as before. Using our nuclear editase we were able to decrease all off‐target events. However, there was also a slight decrease in editing efficiency at the target adenosine. Future experiments will focus on testing our strategy on Fischer rat thyroid (FRT) epithelial cells that stably express these CFTR PTC constructs. We will also assess functional correction by testing our strategy in epithelial cell monolayers using the Ussing chamber.

**Support:** This work was funded in part by CFF Award ROSENT14XX0 and we thank them for their support. It was also supported by R01 NS087726 from NINDS and RCMI Grant G12 RR 03051.
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**CRISPR/CAS9 BASED GENE EDITING OF CFTR DEEP INTRONIC MUTATIONS**

[Sanz, D.J.]{.ul} ^1^; Hollywood, J.A.^2^; Harrison, P.^1^ *1. Physiology, University College Cork, Cork, Cork, Ireland* *; 2. Medical School, University of Auckland, Auckland, New Zealand*

The development of gene editing technologies offers the opportunity for new gene‐based therapies to treat CF patients carrying mutations that are not responsive to drug therapy. The deep intronic splicing mutations 1811+1.6kB A\>G, 3272‐26A\>G 3849+10kB C\>T cause the incorporation of premature stop codons in the mature CFTR transcript due to the creation of cryptic splice sites. These three mutations account for 1614 entries in CF databases (1.82% of all CF‐causing mutations).

We have created pairs of CRISPR Cas9/guideRNAs to create two adjacent double‐stranded breaks close to each of these mutations which allows us to delete short intronic sequences by NHEJ (nonhomologous end joining) in a highly efficient way. We have designed and tested the ability of different pairs of gRNA to cause deletions in the intronic regions where these three mutations can be found. These gRNA pairs were cloned in tandem in pSpCas9(BB)‐2A‐GFP, a vector capable of expressing both gRNA and Cas9. We show that the constructed Cas9 reagents are able to cause the desired deletions with efficiency up to 50% in a human trachael epithelial cell line.

We have constructed a hybrid minigene system that allows heterologous splicing reactions between plasmid exonic sequences and the cloned wild‐type or mutant CFTR region of interest. We have fully characterized the effect of these mutations in the splicing process. Moreover, when the selected Cas9 reagents were co‐transfected with minigenes carrying the splicing variants the aberrant splicing pattern was successfully corrected due to the deletion of the cryptic signals, showing a high level of normally spliced transcripts after Cas9 NHEJ based editing. These constructs will be evaluated in epithelial cells derived from patients carrying these mutations to determine the level of restoration of CFTR function.

**196\***

**INTEGRATING VIRAL VECTORS FOR CYSTIC FIBROSIS GENE THERAPY IN CF PIGS**

[Sinn, P.]{.ul}; Cooney, A.; Abou Alaiwa, M.H.; Thornell, I.; Zabner, J.; Meyerholz, D.K.; Welsh, M.; Stoltz, D.A.; McCray, P. *The University of Iowa, Iowa City, IA, USA*

Viral vector delivered cystic fibrosis transmembrane conductance regulator (*CFTR*) can complement the anion channel defect in cystic fibrosis (CF) airway epithelia. Indeed, gene therapy is a curative strategy regardless of the disease‐causing mutation. An important goal for CF gene therapy is to achieve long‐term functional correction. While many vector options have been evaluated, integrating vectors have the greatest potential to maintain stable expression over time without a requirement for repeated administration. In this study, functional in vivo CFTR channel activity was restored in the airways of CF pigs using two integrating vector options: 1) a lentiviral vector; and 2) a hybrid *piggyBac*/AAV vector. In freshly excised tracheal and bronchus tissues and cultured sinus cells, we observed a significant increase in transepithelial cAMP‐stimulated current, evidence of functional *CFTR*. In addition, we observed increases in tracheal airway surface liquid (ASL) pH and bacterial killing in *CFTR* vector‐treated animals. In cultured airway epithelial cells from treated pigs, we observed increased ASL pH and decreased mucus viscosity. A third vector system based on an integrating hybrid *piggyBac*/adenoviral vector is currently being evaluated. Lentiviral vectors are a vetted option for CF gene therapy; whereas, the emerging technologies of DNA transposon‐based hybrid vectors provide new tools for in vivo gene transfer and present an exciting opportunity to increase the delivery efficiency for therapeutic genes such as CFTR. Our results demonstrate that *CFTR* delivery using integrating viral vectors can partially correct the anion channel defect in a large animal CF model and validate a translational strategy to treat or prevent CF lung disease.

**197\***

**TRANSCRIPTIONAL PROFILING IN YOUNG CHILDREN WITH CYSTIC FIBROSIS REVEALS NOVEL TARGETS ACCORDING TO AGE**

[Kopp, B.T.]{.ul}; Smith, B.; Thompson, R.; Hayes, Jr., D.; Ramilo, O.; Mejias, A. *Nationwide Children\'s Hospital, Columbus, OH, USA*

**Background:** Inflammation and infection begins during early infancy in patients with cystic fibrosis (CF), but little is known regarding the genes or pathways contributing to this pathophysiology or if they differ according to age. Whole genome blood transcriptome analysis represents a comprehensive tool to gain understanding in the pathogenesis of disease. In this study we evaluated the value of gene expression profiles to identify the pathways activated or suppressed in infants and young children with CF.

**Methods:** Seventy children \< 10 years of age with CF **(**20 infants and 50 children) and 12 age‐matched healthy controls (HC) were prospectively enrolled and blood obtained for gene expression profile analyses. Transcriptional signatures were identified and validated in independent sets through linear mixed models adjusted for age and multiple testing. Modular analysis, molecular distance to health (MDTH) and Ingenuity pathway analysis were performed to identify the specific immune pathways expressed according to age.

**Results:** The median age of CF infants was 4.3 months (4.0‐4.8) and 4.0 years (2.3‐6.1) in children. Linear mixed models (p\<0.01, Benjamini‐Hochberg, 1.25‐fold change) identified a lower number of transcripts expressed in CF infants vs HC (555 differentially expressed genes‐‐ biosignature) compared with older children with CF (1953 transcripts). Modular analysis demonstrated decreased expression of monocytes, inflammation, apoptosis, and cell death related genes in CF infants. In contrast, transcriptional signatures switched to a proinflammatory, hyperinnate, and decreased adaptive immune response throughout the child cohort (Figure).

**Conclusions:** Gene expression profiling is a promising tool to aid in discrimination of early CF disease, especially in infants and young children where early interventions may have significant impact. Gene expression profiling provides insight into pathways of innate and adaptive immunity disrupted in CF that may be future prognostic indicators or targets for novel therapeutic interventions.

![](PPUL-51-S194-g017.jpg "ppul23576-gra-0017")

Figure: Modular expression by age demonstrates overexpression of innate immunity transcripts and underexpression of adaptive immunity in CF children compared to CF infants and HC. The intensity of modules (dots) indicates the proportion of overexpressed (red) or underexpressed (blue) transcripts within each module. Numeric values indicate the percentage of transcripts expressed in each module. A blank dot indicates \<10% of genes in the module were differentially expressed.
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**ESCIN, A POTENTIAL READTHROUGH AGENT THAT PROMOTES SUPPRESSION OF CFTR PREMATURE TERMINATION CODON MUTATIONS**

[Sharma, J.]{.ul} ^1^; Mutyam, V.^1^; Peng, N.^1^; Hong, J.S.^1^; Mense, M.^2^; E. Augelli‐Szafran, C.^3^; Pathak, V.^3^; J. Suto, M.^3^; Bostwick, R.^3^; Bedwell, D.M.^1^; Rowe, S.M.^1^ *1. University of Alabama Birmingham, Birmingham, AL, USA* *; 2. Cystic Fibrosis Foundation Therapeutics, Boston, MA, USA* *; 3. Southern Research, Birmingham, AL, USA*

**Introduction**: Cystic fibrosis (CF) is an autosomal recessive disorder caused by different mutations in the gene encoding the CF transmembrane conductance regulator (CFTR). One of the most common of the mutation classes, premature termination codons (PTCs) in *CFTR* results in nonfunctional CFTR protein and causes ˜11% of CF‐causing alleles. Previously, we have screened for clinically available compounds that efficiently enhance translational readthrough of PTCs and improve CFTR function. Among the 8 lead compounds from the screen, escin, an herbal extract, has consistently been shown to enhance the CFTR activity in nonsense‐mutation‐expressing FRT and HBE cells. In the current study, we examined the role of escin in CFTR cell surface expression and evaluated its bioavailability in mice.

**Methods**: To determine the cell surface expression of CFTR protein, we adapted a reporter‐based, horseradish peroxidase (HRP) assay in stably transduced FRT cells expressing G542X, W1282X and Y122X cDNA tagged with HRP at the second membrane spanning domain. Monolayers were treated with escin (10 μM), positive control (G418, 250 μg/mL) or vehicle control (DMSO) for 48 hours followed by measurement of chemiluminescence activity. The pharmacokinetic properties of escin were investigated in mice following intraperitoneal (IP) and subcutaneous (SC) administration of escin and the mean plasma concentrations were analyzed using noncompartmental analysis.

**Results**: There was a strong correlation (r=0.5; *P*= 0.02) between readthrough detected by a dual luciferase mRNA‐based reporter compared to CFTR surface expression using a panel of readthrough agents. Escin significantly enhanced CFTR surface expression in FRT G542X^HRP^ cells by 1.5‐fold and by 2‐ and 3‐fold in FRT W1282X^HRP^ and FRT Y122X^HRP^, respectively (*P*\<0.0001). Results were confirmed by Western blot. Escin levels in mice plasma showed two peaks, which corresponded to two known and active isomers of escin, escin Ia and escin Ib. The concentrations of escin Ia, escin Ib, and total escin (Ia + Ib) over time were lower in SC dosing compared to IP administration, and were nearly undetectable with oral administration (unique to mice since it has been shown that humans readily absorb escin). Mean peak concentrations of escin Ia (10,257 ng/mL), escin Ib (7,123 ng/mL), and total escin (17,380 ng/mL) were observed at 4 hours after SC dosing. AUC~last~ values were 130 h.μg/mL for escin Ia, 84.7 h.μg/mL for escin Ib, and 215 h.μg/mL for total escin Ia + Ib, demonstrating stable levels above the maximally effective concentration in vitro and suitable for in vivo studies.

**Conclusions**: Escin enhances cell surface expression of several common CFTR nonsense mutations that corresponds to biochemical readthrough and functional activity. Escin is bioavailable by IP administration in mice at levels sufficient to mimic desired human exposures achieved PO. The efficacy of escin in transgenic hG542X‐CFTR‐expressing mice is currently in progress, which will set the stage to conduct clinical trials in CF patients with nonsense mutations.

**199\***

**RELATIONSHIPS AMONG CFTR EXPRESSION, BICARBONATE SECRETION AND AIRWAY HOST DEFENSE: IMPLICATIONS FOR GENE‐ AND CELL‐BASED CYSTIC FIBROSIS THERAPIES**

[Shah, V.S.]{.ul} ^1^; Ernst, S.E.^1,2^; Tang, X.^1,2^; Karp, P.^1^; Parker, C.^1^; Ostedgaard, L.S.^1^; Welsh, M.^1,2^ *1. University of Iowa Carver College of Medicine, Iowa City, IA, USA* *; 2. HHMI, Iowa City, IA, USA*

Cystic fibrosis (CF) is caused by mutations in the gene encoding the cystic fibrosis transmembrane conductance regulator (CFTR) anion channel. Airway disease is the major source of morbidity and mortality. Successful implementation of gene‐ and cell‐based therapies for cystic fibrosis (CF) airway disease requires knowledge of relationships between percentages of targeted cells, levels of CFTR expression, correction of electrolyte transport, and rescue of host defense defects. Previous studies suggested that when ˜20‐50% of airway epithelial cells expressed CFTR, they generated wild‐type levels of Cl^‐^ secretion, and overexpressing CFTR offered no advantage compared to endogenous expression levels. However, recent discoveries focused attention on CFTR‐mediated HCO~3~ ^‐^ secretion and airway surface liquid (ASL) pH as critical for host defense and CF pathogenesis. Therefore, we generated porcine airway epithelia with varying ratios of CF and wild‐type cells. Epithelia with a 50:50 mix secreted HCO~3~ ^‐^ at half the rate of wild‐type epithelia. Likewise, heterozygous epithelia (*CFTR* ^*+/‐*^ or *CFTR* ^*+/*^ ^Δ*F508*^) expressed CFTR and secreted HCO~3~ ^‐^ at ˜50% of wild‐type values. ASL pH, antimicrobial activity, and viscosity showed similar relationships to the amount of CFTR. Overexpressing CFTR increased HCO~3~ ^‐^ secretion to rates greater than wild‐type, but ASL pH did not exceed wild‐type values. Thus, in contrast to Cl^‐^ secretion, the amount of CFTR is rate‐limiting for HCO~3~ ^‐^ secretion and for correcting host defense defects. In addition, overexpressing CFTR might produce a greater benefit than expressing CFTR at wild‐type levels when targeting small fractions of cells. These findings may also explain the risk of airway disease in CF carriers.

**200\***

**HIGH‐THROUGHPUT FORSKOLIN‐INDUCED SWELLING ASSAY TO ASSESS CFTR‐RESTORING DRUG COMPOUNDS IN INTESTINAL ORGANOIDS OF SUBJECTS WITH CYSTIC FIBROSIS**

[Vonk, A.M.]{.ul} ^1,2^; Hagemeijer, M.C.^1,2^; Oppelaar, H.^1,2^; van der Ent, C.K.^1^; Beekman, J.^1,2^ *1. Pediatric Pulmonology, University Medical Center Utrecht, Utrecht, Netherlands* *; 2. Regenerative Medicine Center, University Medical Center Utrecht, Utrecht, Netherlands*

**Objective**: Approximately 2,000 different mutations in the cystic fibrosis transmembrane conductance regulator (*CFTR*) gene have been reported to cause cystic fibrosis (CF); the most common life‐shortening autosomal recessive disease worldwide. Until now only two CFTR‐restoring drugs, ivacaftor and lumacaftor, have been approved as therapies for CF but only for a relatively small number of *CFTR* mutations. As such, a clear need for a (preclinical) high‐throughput screening (HTS) approach exists to identify new CFTR‐restoring drug compounds for all CF subjects, independent of the prevalence of a particular mutation.

**Methods**: A few years ago we developed a patient‐specific functional CFTR assay using intestinal organoids, termed the forskolin‐induced swelling (FIS) assay. Fluid secretion into the organoid lumen by forskolin administration to the organoid cultures is a process completely dependent on the presence of functional CFTR and can be measured by a simple phenotypic functional read‐out. Importantly, the organoid FIS assay with its (i) relatively simple assay set up and readout, (ii) speed, (iii) robustness, and (iv) accuracy, is a highly suitable patient‐specific primary screening platform for the identification and preclinical validation of CFTR‐restoring drug compounds.

**Results**: In this study that is part of the Dutch HIT‐CF program, we expanded and optimized the FIS assay into a 384‐well medium‐to‐high throughput‐screening format. To validate this HTS screening platform we measured FIS responses to ivacaftor/lumacaftor treatment in previously characterized organoids harboring homozygous F508del and F508del/S1251N mutations. We demonstrate that automated dispension of organoids and compounds is feasible in our 384‐wells format; underscored by the results of our replicate‐experiment, signal variability, Z\'‐factor and spatial uniformity studies.

**Conclusion**: Our patient‐specific CFTR function HTS measurements have a significant throughput, allowing us to screen thousands of conditions per person per week in our current 384‐well medium‐to‐high throughput setting using small molecule CFTR‐restoration approaches. We already started to utilize our HTS screening platform, among others, to develop splice modulation therapies using antisense oligonucleotides to restore aberrant *CFTR* splicing and to identify and/or repurpose old and new compounds/drugs to restore CFTR function in patients with a rare, uncharacterized *CFTR* mutation (prevalence of \<0.5% in the Dutch CF population; the Rainbow Project).

**201\***

**LUNG INFLAMMATION IN F508DEL CFTR MICE, PARTIAL CORRECTION BY THE SPHINGOSINE‐1‐PHOSPHATE LYASE INHIBITOR LX2931**

Veltman, M.^1^; Stolarczyk, M.^1^; Radzioch, D.^2^; Wojewodka, G.^2^; De Sanctis, J.B.^3^; Oravecz, T.^4^; De Kleer, I.^5^; [Scholte, B.J.]{.ul} ^1,5^ *1. Cell Biology, Erasmus MC, Rotterdam, NL, Netherlands* *; 2. Medicine and Human Genetics, McGill University, Montreal, QC, Canada* *; 3. Clinical Immunology, Central University Venezuela, Caracas, Venezuela, Bolivarian Republic of* *; 4. Lexicon Pharmaceuticals, Inc, The Woodlands, TX, USA* *; 5. Sophia Ped Pulmonol, Erasmus MC, Rotterdam, Netherlands*

**Introduction:** Aberrant lipid metabolism might be involved in CF lung inflammation and remodeling. In a separate HIT‐CF study we show that bioactive lipid markers of oxidative stress in lung lavage fluid, including sphingosines, correlate with early CF lung disease in CF infants. Therefore, we studied in a mouse model whether pharmacological correction of sphingosine metabolism reduces inflammation, mucus production and tissue remodeling.

**Methods:** In C57Bl/6 Cftr^tm1EUR^ F508del CFTR mice we analyzed total lung sphingosine levels by mass spectrometry, and correlated this with basal and LPS‐fMLP induced lung inflammation, by FACS analysis of myeloid (CD45+) cells, quantitative histology and ELISA for inflammation markers, in an intervention study with an experimental anti‐inflammatory drug (LX2931), a sphingosine‐1‐phosphate (S1P) lyase inhibitor, (Lexicon Pharmaceuticals, Inc).

**Results:** We observed a fourfold reduction of S1P in lung tissue of adult unchallenged F508del CFTR mutant mice compared to normal (n=10, P\<0.01). This correlates with enhanced infiltration by (CD45+) myeloid cells, in particular granulocytes, inflammatory monocytes, B‐ and T‐cells (n=16, P\< 0.05). Moreover, in mutant mice we observe a 20% iNOS+ granulocyte subpopulation that is absent in normal mice (n=6). Importantly, the ratio of the pro‐inflammatory macrophage‐derived dendritic cells (MoDC) to conventional dendritic cells (cDC) is twofold higher in mutant mice (n=16, P\<0.01). Two weeks after acute intranasal challenge with bacterial toxins (LPS‐fMLP) we observe high levels of inducible mucin (mMUC5AC) and pro‐inflammatory cytokines including IFNγ, IL12p70, TNFα and KC by ELISA (n=7; P\<0.01) in mutant compared to normal. Oral application of a S1P‐lyase inhibitor (LX2931), increases S1P levels in mutant mouse tissues more than tenfold. This normalizes the lung MoDC/cDC ratio, and strongly reduces B‐ and T‐cell counts and granulocyte iNOS expression in unchallenged mutant mice. In LPS‐fMLP challenged mutant mice treated with LX2931 we observe reduced levels of pro‐inflammatory cytokines and mMUC5AC to near normal levels (n=11, P\<0.05).

**Conclusion:** F508del CFTR mutant mice present basal lung inflammation and delayed resolution of induced inflammation, which correlates with reduced S1P tissue levels in the lung. This phenotype can be partially corrected by a S1P lyase inhibitor, suggesting a causal relationship between abnormal S1P metabolism and CF lung inflammation. This provides a strong rationale for therapeutic targeting of the S1P signaling pathway in CF patients.

**Acknowledgements:** Funded by Dutch CF Foundation (NCFS HIT‐CF C6/7) and the Dutch Lung Fund (3.3.10.027).

**Disclosures:** Part of this study was funded by Lexicon Pharmaceuticals, Inc.
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**BIOACTIVE LIPIDS IN BRONCHOALVEOLAR LAVAGE OF CF INFANTS CORRELATE WITH LUNG CT SCORE, REVEALING THERAPEUTIC TARGETS**

[Scholte, B.J.]{.ul} ^1^; Veltman, M.^1,2^; Horati, H.^2^; Koval, S.^3^; Vreeken, R.^3^; Harms, A.^3^; Tiddens, H.^2^; Janssens, H.^2^; Tirouvanziam, R.^4^; Stick, S.M.^5^ *1. Cell Biology, Erasmus MC, Rotterdam, NL, Netherlands* *; 2. Sophia Ped. Pulmonol, Erasmus MC, Rotterdam, Netherlands* *; 3. LACDR, Leiden, Netherlands* *; 4. Center for CF and Airways Disease Research, Emory University, Atlanta, GA, USA* *; 5. AREST‐CF consortium, University Western Australia, Perth, WA, Australia*

**Introduction:** The CF clinics Erasmus MC Rotterdam and Utrecht University MC are engaged in a screening protocol pioneered by the Australian CF community (AREST CF), in which all CF patients identified by neonatal screening are followed by annual CT scans, bronchoscopy and collection of bronchoalveolar lavage fluid (BALF). This approach allows a unique study of early CF lung disease, drug target finding and validation (HIT‐CF program). Abnormalities in lung bioactive lipid metabolism were observed by several groups in CF patients and CF mutant mice. These bioactive lipids are generally involved in inflammation and tissue remodelling. Here we report the results of a lipidomics study on AREST‐CF BALF samples.

**Methods:** Using a state‐of‐the‐art LC‐MS platform (LACDR Leiden) we established a method to analyse a panel of oxylipids, polar lipids, and fatty acids in 1 mL of CF BALF obtained from the Australian AREST‐CF consortium. The study cohort included CF infants (N=40, 1‐6 yrs) with null‐to‐moderate lung CT disease score (based on the PRAGMA scoring method reflecting bronchiectasis, bronchial thickening, air trapping, mucus plugging), and non‐CF infants with recurrent lung inflammation (N=17).

**Results:** The analysis yielded a matrix of over ten thousand data points, covering a range of bioactive lipids involved in inflammation, oxidative stress and tissue injury. These data were correlated with lung CT scores, and other clinical parameters (including neutrophil counts, and bacterial load). Cluster analysis distinguished CF from non‐CF patients based notably on markers of oxidative stress, even when neutrophil counts and bacterial load did not differ between the two groups. This suggests that CF patients have specific characteristics with respect to bioactive lipid profiles, irrespective of the level of airway inflammation. Using the Fisher correlation test, we identified 27 lipid species with a significant correlation (R^2^\> 0.5, P\<0.05) to PRAGMA CT scores. From these data emerged two clusters (sphingosine and phospholipase A pathways) that correlate with high disease scores. On‐going studies of the Erasmus MC AREST‐CF cohort will be presented (I‐BALL study). Current studies include analysis of aberrant neutrophil function in early CF lung disease, in relation to lipidomic markers.

**Conclusions:** The AREST‐CF lipidomics approach proves effective in monitoring the development of lung pathology in CF infants (1‐6 years) and offers valuable opportunities for research. We identified biomarkers in the sphingosine and phospholipase pathways that correlate with disease progression, allowing us to identify new therapeutic targets, monitor the effect of therapeutic interventions and better tailor treatment to individual patients.

Supported by NCFS (HIT‐CF C6/7), ZONMW (435000035), Dutch Lung Foundation (3.3.10.027), NIH R01HL126603. NHMRC, USCFF.
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**NITROGEN BACK DIFFUSION DURING MULTIPLE BREATH WASHOUT WITH 100% OXYGEN**

[Weiner, D.J.]{.ul} ^1^; Nielsen, J.^2^; Pederson, K.^2^ *1. Pediatrics, Children\'s Hospital of Pittsburgh, Pittsburgh, PA, USA* *; 2. PulmoTrace, Inc., Atlanta, GA, USA*

**Objective:** The validity of using nitrogen wash‐out for determination of lung clearance index (LCI) depends on the assumption that nitrogen back diffusion from blood and tissues does not significantly affect the nitrogen washout curve. The objective of the present study is to determine whether back diffusion distorts the N~2~ washout curve with a significant effect on LCI.

**Methods:** 4 healthy adults were recruited (ages 23‐63) for study. Subjects breathed quietly from a bag containing 0.2% SF~6~ in air until end‐tidal concentration of SF~6~ was stable. Gas concentrations were analyzed with the Innocor LCI device (PulmoTrace, Inc, Atlanta, GA) equipped with a software version developed specifically for this project and configured for an open‐circuit technique. Wash‐out was then performed by having the subjects breathe 100 % O~2~ until the N~2~ concentration was less than 1%. During wash‐out, the subjects were asked to perform two 30‐second breath‐hold maneuvers (BH1 at 45 seconds and BH2 at 120 seconds into wash‐out). Rate of back diffusion is estimated by comparing the changes in SF~6~ and N~2~ concentrations following the breath hold. Measurements were repeated after a low level of exercise (25W) with cycle ergometer.

**Results:** The Figure shows a typical recording of N~2~ and SF~6~ washout with two breath‐hold maneuvers. During BH1, there was a mean relative change of N~2~ of 20.5% (range 14.7 ‐ 27.5%), corresponding to N~2~ back diffusion of 0.64 (range 0.371‐0.914) mL/sec. During BH2 there was a mean relative change of N~2~ of 5.8% (range 3.8 ‐ 9.7%), corresponding to N~2~ back diffusion of 0.54 (range 0.358‐0.762) mL/sec. We also observed a very slow decline in N~2~ concentration even after reaching 1%, calling into question whether this is a true steady state. N~2~ back diffusion was increased markedly by a low level of exercise (25 watts).

**Conclusions:** There is significant intrasubject variation in the effect of N~2~ back diffusion, and as a consequence, there are variable effects on LCI. Cardiac output affects N~2~ back diffusion and may contribute to variability in MBW measurements. N~2~ back diffusion may be an important and uncontrolled confounder in studies using LCI‐N~2~. Additional data in 10 young adults are being collected and will be included prior to NACFC.
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Normalized end‐tidal concentrations of SF~6~ (diamonds) and N~2~ (squares). Gas concentrations during the breath‐hold that occurred between 120‐150 seconds (circle) are shown in the inset.
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**ROSCO‐CF, A SAFETY AND EFFICACY CLINICAL TRIAL OF (R)‐ROSCOVITINE IN CF PATIENTS**

[Meijer, L.]{.ul} ^1^; Hery‐Arnaud, G.^3^; Le Berre, R.^2^; Nowak, E.^2^; Le Roux, L.^2^; Gueganton, L.^4^; Mottier, D.^2^; Rault, G.^4^ *1. ManRos Therapeutics, Roscoff, France* *; 2. CHU Brest, Brest, France* *; 3. Université de Brest, Brest, France* *; 4. Centre de Perharidy, Roscoff, France*

**Objectives**: Roscovitine is an orally available kinase inhibitor drug which has undergone extensive phase I and II clinical trials against various cancers. Under clinical evaluation against Cushing disease and rheumatoid arthritis, roscovitine displays biological properties suggesting potential benefits in CF treatment (1). The ROSCO‐CF clinical study aims at evaluating this therapeutic potential (2).

**Methods**: A Phase 2, dose‐ranging, multicenter, double‐blind, placebo‐controlled study, involving 36 CF patients, is being launched to evaluate safety and effects of (R)‐roscovitine in adults CF patients, carrying two CF‐causing mutations with at least one F508del‐CFTR mutation and chronically infected with *Pseudomonas aeruginosa*.

**Results**: Experimental results have shown roscovitine acts as a proteostasis regulator that partially corrects F508del‐CFTR trafficking (3). Roscovitine stimulates the bactericidal properties of alveolar macrophages by lowering the abnormally elevated intraphagolysosomal pH of CF macrophages (4). Roscovitine displays anti‐inflammatory properties due to its effects on neutrophils, on eosinophils and on the Th17/Tregs inflammatory lymphocytes balance (1).

**Conclusion**: Repurposing roscovitine for CF is a therapeutically valid proposal. We will present the clinical protocol designed to validate safety and potential beneficial effects of roscovitine in CF patients with chronic lung *P. aeruginosa* infection and hopefully the first clinical results.

**References:**

1\. Meijer L, et al. J Innate Immun. 2016. (under revision)

2\. <http://clinicaltrials.gov>: NCT02649751.

3\. Norez C, et al. Br J Pharmacol. 2014;171:4831.

4\. Riazanski V, et al. Proc Natl Acad Sci USA. 2015;112:6486.
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**Summary of cellular effects of roscovitine which may be beneficial for the treatment of CF.** Roscovitine acts independently on epithelial cells, macrophages, neutrophils, eosinophils and lymphocytes. Green arrow, induction or enhancement; red line, inhibition or reduction.
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**CONE BEAM CT SCAN IN CYSTIC FIBROSIS PARANASAL SINUSES COMPLICATIONS**

[Di Cicco, M.]{.ul} ^1^; Di Pasquale, D.^1^; Firetto, M.^2^; Colombo, C.^3^ *1. ENT, Foundation Cà Granda, IRCCS Policlinico Hospital, Milan, Italy* *; 2. Radiology, Foundation Cà Granda, IRCCS Policlinico Hospital, Milan, Italy* *; 3. Regional Referral Centre for Cystic Fibrosis, Foundation Cà Granda, IRCCS Policlinico Hospital, Milan, Italy*

The management of paranasal sinuses complications of cystic fibrosis (CF) is a challenge for the otorhinolaryngologist caring for CF. The sinuses system represents a *P. aeruginosa* reservoir affecting lower airways system. Early diagnosis and follow‐up of the ENT complications of CF, such as mucoceles and polyposis, are important in order to treat them. Currently maxillo‐facial CT is the most used radiological exam for the follow‐up of CF patients with sinonasal complications; however radiation exposure in these patients is a well known issue. Cone‐beam CT scan (CBCT) is currrently used in maxillo‐facial surgery, expecially developed for 3D reconstruction with a lower radiation exposure. In order to reduce radiation damage without losing clinical information, an experimental protocol, featuring cone beam CT (CBCT), is currently in progress in our center for the ENT follow‐up of CF patients.

Between May and October 2015, 12 patients attending our ENT CF clinic were evaluated for paranasal sinuses complications with CBCT. 6 were males, 6 females; mean age 15.75; range 6‐30. The radiological results were described qualitatively and quantitatively using the Lund‐Mackay score (Figure).

CBCT‐guided Lund‐Mackay score: mean result 16.25; range 6‐24. The most relevant radiological findings were: sinonasal polyposis, medialization of maxillary sinuses walls, mucocele and bone resorption. Mean effective dose was 174.2 μSv.

Our results confirm the effectiveness of CBCT in detection of the most common paranasal sinuses complication of CF compared to standard maxillo‐facial CT, that, however, remains the gold standard if major complications are suspected (eg, orbital, skull base erosion). CBCT was demonstrated to combine low irradiation with good image resolution of the maxillo‐facial district in CF patients. In our opinion it represents the optimum technique to permit a much stricter radiological follow‐up of the CF patients attending the ENT.
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Lund VJ, Mackay IS. Staging in rhinosinusitus. Rhinology. 993;31(4):183‐4.
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**A STUDY OF THE FEASIBILITY OF PLACEBO‐CONTROLLED TRIALS FOR THE EVALUATION OF NEW CFTR MODULATORS**

[Hamblett, N.M.]{.ul} ^1,2^; VanDevanter, D.R.^3^; Boyle, M.P.^4,5^ *1. Seattle Children\'s Hospital, Seattle, WA, USA* *; 2. University of Washington, Seattle, WA, USA* *; 3. Case Western Reserve University, Cleveland, OH, USA* *; 4. Cystic Fibrois Foundation, Bethesda, MD, USA* *; 5. John Hopkins University, Baltmore, MD, USA*

**Background:** Advances in cystic fibrosis (CF) drug development include the adoption of therapies targeting the underlying CF genetic defect into standard of care (SOC). These CF transmembrane conductance regulator (CFTR) "modulator" therapies include ivacaftor (Iva) and lumacaftor (Lum)‐Iva. Development of new, second generation ("G2") modulators that are anticipated to work as well as or better than these existing modulators presents a unique challenge as they will need to be evaluated as replacements rather than add‐ons to current SOC. Our objectives were to assess the feasibility of using placebo controls in the US for the evaluation of G2 modulators.

**Methods:** Physician and patient/family surveys were independently administered in December 2015 and February 2016, respectively, for willingness to enroll in placebo‐controlled G2 trials of varying duration and for G2 candidates superior (Sup) or noninferior (NI) to SOC. The physician cohort was composed of center directors from the CF Therapeutics Development Network, representing 82 centers conducting the majority of US CF trials. The patient/family cohort was composed of members of the CF Foundation\'s Adult and Family Advisors (AFA) group; survey questions in this cohort were customized based on genotype and current use of Iva and Lum‐Iva, and family members answered on behalf of the patient.

**Results:** Surveys were completed by 86/158 (54%) physicians and 71/262 (27%) CF cohort members with varying response rates by question. The Table provides willingness to participate in 1:1 randomized placebo‐controlled trials of 2‐week‐to‐6‐month duration for G2 modulators hypothesized to be Sup or NI to Iva or Lum‐Iva. Patient responses are reported for the subset of patients currently taking Iva, and by F508del homozygotes currently versus not currently taking Lum‐Iva. Generally, willingness to participate in placebo‐controlled trials decreased as trial duration increased and for participation in NI as compared to Sup trials. F508del‐homozygote patients currently taking Lum‐Iva were consistently less willing than those not taking Lum‐Iva to participate in placebo‐controlled studies, regardless of duration. There were notable differences in participation rates between physicians and patients taking Lum‐Iva for G2 modulators expected to be NI or Sup.

**Conclusions:** These data indicate a hesitancy in the CF community towards participation in placebo‐controlled G2 modulator trials (particularly those of extended duration), and it is likely that this will grow as access to modulators increases. These results are essential for the development of feasible drug development plans in collaboration with regulators that will continue to enable the identification of safe and efficacious G2 modulators.
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**THE ABILITY OF THE MULTIPLE BREATH WASHOUT TEST TO MONITOR THE PROGRESSION OF EARLY LUNG DISEASE IN CHILDREN WITH CYSTIC FIBROSIS**

[Foong, R.E.]{.ul} ^1^; Ramsey, K.^1,2^; Harper, A.^1^; Rosenow, T.^1^; Turkovic, L.^1^; Skoric, B.^5^; King, L.^5^; Davis, M.^3^; Clem, C.^3^; Zajakovski, N.^5^; Stick, S.M.^4^; Davis, S.D.^3^; Ranganathan, S.^5^; Hall, G.^1,6^ *1. Telethon Kids Institute, Perth, WA, Australia* *; 2. Cystic Fibrosis Research and Treatment Centre, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA* *; 3. Pediatric Pulmonology, Allergy and Sleep Medicine, Riley Hospital for Children, Indianapolis, IN, USA* *; 4. Respiratory Medicine, Princess Margaret Hospital for Children, Perth, WA, Australia* *; 5. Murdoch Children\'s Research Institute, Royal Children\'s Hospital, Melbourne, VIC, Australia* *; 6. Curtin University, Perth, WA, Australia*

**Introduction:** Cross‐sectional studies show that ventilation distribution outcomes obtained from the multiple breath washout technique (MBW) are sensitive to detect the presence and extent of structural lung damage, infection and inflammation in infants and young children with cystic fibrosis (CF). However, longitudinal data assessing progression of early disease is needed to elucidate MBW as a tool that effectively monitors disease. Our objective was to determine if changes in ventilation distribution outcomes, including lung clearance index (LCI), the 1st and 2nd moment ratios (MR1, MR2), can identify structural lung disease progression on chest computed tomography (CT) and extent of pulmonary infection and inflammation.

**Methods:** Twenty‐eight children with CF (aged 3 to 9 years) underwent serial MBW measurements, bronchoalveolar lavage fluid (BAL) and/or chest CT over a 12‐month period. Structural lung disease was assessed using CF‐CT scores. Differential cell counts were performed, and neutrophil elastase (NE) and interleukin 8 (IL8) were quantified by ELISA. An inflammatory score was derived from principal components of NE, IL8 concentration, total and neutrophilic inflammation. Changes in MBW and CT, infection and inflammation outcomes between repeat visits were assessed using mixed effects model.

**Results:** Increases in LCI were significantly associated with progression of bronchiectasis (coefficient 0.17; 95% CI: 0.04, 0.29; p=0.01), air trapping (coefficient 0.13; 95% CI: 0.01, 0.25; p=0.04) and bronchial wall thickening (coefficient 0.15; 95% CI: 0.02, 0.27; p=0.02). There were no significant associations between changes in MBW outcomes and the extent of NE and IL8. However, increased MR1 was significantly associated with higher inflammatory scores (coefficient 0.04; 95% CI: 0.01, 0.07; p=0.02) and increased neutrophils (coefficient 0.06; 95% CI: 0.01, 0.10; p=0.02). LCI was increased by 1.45 units (95% CI: 0.36, 2.55; p=0.01) when a proinflammatory pathogen was detected at the second visit but not at the first visit.

**Conclusion:** Increases in LCI over one year are associated with progression of bronchiectasis, bronchial wall thickening and air trapping on CT. Ventilation distribution outcomes were also associated with progression of inflammation and infection onset. LCI may be a sensitive tool to monitor the progression of structural lung disease and the development of lower respiratory tract inflammation and infection in young children with CF.

Supported by the Cystic Fibrosis Foundation.
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**EFFECTS OF BROMODOMAIN AND EXTRA‐TERMINAL DOMAIN INHIBITION ON CYSTIC FIBROSIS LUNG INFLAMMATION**

[Chen, K.]{.ul}; Kolls, J. *Pediatrics, University of Pittsburgh, Pittsburgh, PA, USA*

Significant morbidity in cystic fibrosis (CF) results from chronic lung inflammation, most commonly due to *Pseudomonas aeruginosa* infection. Recent data suggest that IL‐17 contributes to pathological inflammation in the setting of abnormal mucosal immunity, and type‐17 immunity driven inflammatory responses may represent a novel target to block aberrant inflammation in CF. Indeed, our transcriptomic analysis by RNA‐seq on the airway epithelium from CF patients who underwent clinical bronchoscopy revealed a dramatic upregulation of IL‐17 downstream signature genes, implicating a significant contribution of IL‐17 mediated immunity in CF lungs. Bromodomain and extra‐terminal domain (BET) chromatin modulators can regulate T cell responses, specifically Th17 mediated inflammation, by mechanisms that include bromodomain‐dependent inhibition of acetylated histones at the *IL17* locus. Here we show that, in vitro, BET inhibition potently suppressed Th17 cell responses in explanted CF tissue and inhibited IL‐17 driven chemokine production in human bronchial epithelial cells (HBE) cells. In *Pseudomonas aeruginosa* and *Aspergillus fumigatus* lung infection murine models, BET inhibition decreased inflammation without exacerbating bacterial or fungal infection, suggesting that BET inhibition may be an effective and safe therapeutic approach in treating lung inflammation in CF patients.
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**A DOUBLE‐BLIND, RANDOMISED, PLACEBO‐CONTROLLED CROSS‐OVER STUDY OF INHALED ALGINATE OLIGOSACCHARIDE (OLIGOG) ADMINISTERED FOR 28 DAYS IN SUBJECTS WITH CYSTIC FIBROSIS**

Pressler, T.^2^; Donaldson, S.H.^3^; Davies, J.C.^4^; [Hilde Myrset, A.]{.ul} ^1^ *1. AlgiPharma AS, Oslo, Norway* *; 2. Rigshospitalet, Copenhagen, Denmark* *; 3. UNC, Chapel Hill, NC, USA* *; 4. Royal Brompton and Harefield NHS Foundation Trust, London, United Kingdom*

**Background and Purpose:** The guluronate oligomer OligoG CF‐5/20 derived from seaweed alginate has been demonstrated to disrupt bacterial biofilms and release stagnant mucin in vitro, ex vivo and in vivo. OligoG is currently in clinical development for CF. The purpose of the present study is to demonstrate clinical efficacy in CF patients.

**Study Outline:** This trial is a randomised, double‐blind, placebo‐controlled, cross‐over phase II trial in 65 adult CF patients on a stable therapeutic regimen from 18 sites across five European countries. The subjects should have an FEV1 40%‐100%, and have a history of *Pseudomonas aeruginosa* (PA) infection. Concomitant use of N‐acetyl cysteine, hypertonic saline and mannitol is not permitted during the study.

The trial\'s primary efficacy outcome is the change in FEV1 after inhaled OligoG versus placebo. Secondary outcomes include the effect on mucociliary and cough clearance (MCC), lung clearance index (LCI), sputum rheology, microbiology and Quality‐of‐Life. The MCC and LCI assessments are being performed in subsets of patients. The secondary objectives are to demonstrate safety and tolerability of inhaled OligoG as a dry powder for inhalation, and to evaluate patient compliance with treatment.

**Results and Conclusions** to be provided by October 15, 2016.

**Support:** Cystic Fibrosis Foundation, the Eurostars programme, and AlgiPharma AS.
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**MICRORNA PROFILING OF LUNG MACROPHAGES (LMφ) IN RESPONSE TO HYPOXIA: IMPLICATIONS IN CYSTIC FIBROSIS**

Armstrong, D.A.^2^; Nymon, A.B.^2^; [Hazlett, H.F.]{.ul} ^2^; Marsit, C.J.^1^; Ashare, A.^2^ *1. Emory Univ, Atlanta, GA, USA* *; 2. Pulmonary, Dartmouth‐Hitchcock Med Ctr, Lebanon, NH, USA*

**Introduction:** Regional differences in resident lung macrophage (LMφ) responsiveness to hypoxia may be an important factor in the development of bronchiectatic lung disease in cystic fibrosis (CF). It is not yet known if the regional variation in CF‐related lung disease is due to differences in microbial pathogens, variation in the host response to infection, or a combination of the two. An increased understanding of this regional variation may aid in the discovery of interventions that will slow the progression of lung disease (Hogan DA, et al. PLoS One. 2016;11:e0149998). MicroRNAs are ubiquitous regulators of human biology. Much optimism exists for microRNAs as biomarkers in cancer and lung disease (Vencken SF, et al. Thorax. 2015;70:501‐3.) Recent clinical and cell‐based studies have revealed CF‐specific alterations in miRNA expression, hence it follows that modulating miRNA expression in vivo looks very appealing for developing new CF therapies. The possibility that miRNAs may act as phenotype modifiers and that they could be used as diagnostic and prognostic biomarkers warrants investigation (Noel S, Leal T. 2015. In: Cystic Fibrosis in the Light of New Research). Our work here seeks to identify LMφ ‐derived microRNAs and distinguish regional differences associated with oxygen stress comparing alternate lobes of the lung.

**Methods:** All studies were performed using primary LMφ isolated from human subjects via bronchoalveolar lavage (BAL) fluid. Total RNA was isolated and microRNA profiling assayed via the NanoString nCounter microRNA assay.

**Results:** Parallel profiling of in vitro oxygen stress induced via hypoxia in LMφ revealed static, convergent, and divergent expression of miRNA. To examine the phenotypic complexity of lung macrophages of the right lower lobe (RLL) vs the right upper lobe (RUL) we measured microRNA expression 24 hours posthypoxia treatment from LMφ of healthy participants. We detected more than 250 different microRNAs. Of the top 100 microRNAs expressed, fourteen miRNAs were differentially expressed RLL vs RUL including: miR‐361‐5p, miR‐378g, miR‐423‐5p (up in RLL and down in RUL), and miR‐107, miR‐511‐5p, miR‐99a‐5p (down in RLL and up in RUL). Interestingly, expression of five microRNAs was elevated in only the RLL in response to hypoxia: miR‐22‐3p, miR‐30a‐5p, miR‐30e‐5p, miR‐155‐5p and miR‐1246 but demonstrated static expression in the RUL upon oxygen challenge. All of these miRNAs were readily detectable in CF LMφ, however their comparative expression and functional significance remains to be determined.

**Conclusions:** Our data demonstrate that some LMφ‐derived microRNAs are differentially expressed in RLL vs RUL under oxygen stress. It may be important to understand the synthesis, secretion and abundance of miRNAs from resident lung Mφ induced by hypoxia, potentially shedding new light on this pathology and leading the way to innovative therapies. Ongoing studies will explore the role of these miRNAs, allow us to better characterize CF lung regional hypoxic inflammatory response and identify key molecules modulating this disease.
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**FREQUENCY AND TREATMENT OF PULMONARY EXACERBATIONS IN PATIENTS WITH CF WHO ARE HOMOZYGOUS FOR THE ***F508DEL‐CFTR*** MUTATION**

Poplawska, K.^1^; Berthiaume, Y.^2^; Middleton, P.G.^3^; Prados, C.^4^; Salvatore, D.^5^; [Hodgkins, P.]{.ul} ^6^; O\'sullivan, A.^6^ *1. University Medical Center of the Johannes Gutenberg University, Mainz, Germany* *; 2. Institut de Recherches Cliniques de Montréal, Montreal, QC, Canada* *; 3. Westmead Hospital, Sydney, NSW, Australia* *; 4. Hospital Universitario La Paz, Madrid, Spain* *; 5. Azienda Ospedaliera Regionale San Carlo, Potenza, Italy* *; 6. Vertex Pharmaceuticals Incorporated, Boston, MA, USA*

**Objective:** To summarize the frequency and treatment of pulmonary exacerbations (PEx) in a multicountry cohort of patients with CF homozygous for the *F508del*‐*CFTR* gene mutation.

**Methods:** Medical record data from patients with CF ≥12 years of age who were not on a CFTR modulator were collected retrospectively for 2011‐2014 from 31 CF centers in Australia, Canada, France, Germany, Italy, and Spain. Demographics, clinical characteristics, and resource utilization were obtained for a 12‐month baseline period and a follow‐up period ranging from 2‐36 months. The frequency and treatment of PEx (defined as a mention in the record of a PEx during a hospitalization or outpatient visit requiring nonroutine antibiotic treatment) were assessed descriptively at baseline and in the follow‐up period by age (12‐17, ≥18 years), lung function (ppFEV~1~ ≥70, 41‐69, or ≤40), and overall.

**Results:** Data for 523 patients were included; mean follow‐up period was 27 months. Baseline mean (SD) age was 24.8 (9.5) years, and mean (SD) ppFEV~1~ was 67.1 (22.9). The frequency and treatment of PEx in the baseline period are summarized in the Table. The mean PEx rates were 1.3/y in the baseline period and 1.6/y in the follow‐up period. The proportion of PEx requiring hospitalization rose from 51.7% to 60.8%, and the proportion of PEx requiring hospitalization or intravenous antibiotics rose from 61.6% to 73.0%. The duration of antibiotic treatment for a PEx was stable (baseline, 18.1 days; follow‐up, 19.2 days). In the follow‐up period, proportions of patients with ≥1 PEx and rates of PEx were higher among adults (84%; 1.7/patient‐year) than adolescents (70%; 1.5/patient‐year) and for patients in the ppFEV~1~ ≤40 group (86%; 2.0/patient‐year) than the ppFEV~1~ ≥70 group (70%; 1.1/patient‐year). In the follow‐up period, the mean (SD; range) length of hospital stay for a PEx was 13.3 (7.4; 1‐81) days (data not available for baseline period).

**Conclusions:** The majority of patients with CF homozygous for the *F508del*‐*CFTR* gene mutation in this study experienced at least 1 PEx annually, and PEx were resource intensive. The rates of PEx suggest an increase over time and were highest among adults and those with advanced disease based on lung function, consistent with a progressive disease.

Sponsored by Vertex Pharmaceuticals Incorporated.
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^a^Lung function, calculated using the Global Lungs Initiative equation, was not calculable for all patients.
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**IMPROVEMENT IN INTESTINAL INFLAMMATION ON IVACAFTOR**

[Ooi, C.Y.]{.ul} ^1,4^; Garg, M.^1^; Young, K.^2^; Needham, B.^1^; Leach, S.^1,4^; Jaffe, A.^1,4^; Avolio, J.^2^; Ratjen, F.^2^; Tullis, E.^3^; Gonska, T.^2^ *1. University of New South Wales, Randwick, NSW, Australia* *; 2. Hospital for Sick Children, Toronto, ON, Canada* *; 3. Adult CF Centre, St Michael\'s Hospital, Toronto, ON, Canada* *; 4. Sydney Children\'s Hospital Randwick, Sydney, NSW, Australia*

**Introduction:** Intestinal inflammation is now recognized as a manifestation of cystic fibrosis (CF). The majority of studies in gut inflammation have utilized stool calprotectin as a biomarker of inflammation, with numerous studies reporting significant elevations in stool calprotectin compared to healthy controls. Stool calprotectin levels have been reported to correlate with growth and quality of life questionnaire scores. Ivacaftor is a cystic fibrosis transmembrane conductance regulator (CFTR) potentiator that has been shown to improve lung function and reduce pulmonary exacerbations. Ivacaftor has also been associated with considerable weight gain, which may not be solely explained by improved pulmonary status. An improvement in gastrointestinal physiology has been speculated as an alternative explanation. Normalization of intestinal pH and histopathology have been observed while on ivacaftor but its effects on intestinal inflammation have not been fully established. Thus, the aim of this study was to determine whether ivacaftor reduces intestinal inflammation in patients with CF.

**Method:** Calprotectin was measured in stool samples prospectively collected from patients with CF who carried at least one G551D mutation in the Toronto and Sydney Children\'s Hospital CF Clinics (in Canada and Australia, respectively) at baseline (prior to starting ivacaftor) and while on treatment. The Wilcoxon signed‐rank test and Fisher\'s exact test were used to compare continuous and categorical calprotectin data respectively, at baseline and after starting ivacaftor.

**Results:** Baseline and posttreatment stool samples were obtained from 14 patients (7 children and 7 adults; 36% males) with a median \[IQR\] age of 17.1 \[7.9‐34.8\] years. Stools posttreatment were collected at a median (IQR) of 5.7 (4.9‐6.8) months after starting ivacaftor. There was a significant reduction in stool calprotectin levels from baseline to posttreatment (median \[IQR\]: 154.4 \[96.9‐236.0\] vs 82.3 \[19.5‐170.7\] mg/kg, *P =* 0.016). There was an increase in normal calprotectin levels from 7.1% (1 of 14) at baseline to 28.6% (4 of 14) on ivacaftor based on a calprotectin cutoff of \<50 mg/kg; however, this was not statistically significant (*P =* 0.3). In children, there were significant increases posttreatment in weight z‐scores (median \[IQR\]: 0.5 \[‐1.2 to 0.9\] vs 0.9 \[‐0.5 to 1.5\], *P =* 0.001). In adults, the BMI increased significantly from baseline to post‐treatment (median \[IQR\]: 22.1 \[20.9‐29.8\] vs. 24.6 \[22.0‐29.8\] mg/kg, *P =* 0.03).

**Conclusion:** Ivacaftor was associated with a significant reduction in intestinal inflammation in patients with CF.

Supported by the Australian Cystic Fibrosis Research Trust and Vertex Pharmaceuticals.
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**TREATMENT OPPORTUNITIES FOR CYSTIC FIBROSIS USING AEROSOLIZED ENAC ANTISENSE OLIGONUCLEOTIDES**

[Crosby, J.]{.ul} ^1^; Zhao, C.^1^; Bai, D.^1^; Jiang, C.^2^; Kawabe, H.^3^; McCaleb, M.^1^; Rotin, D.^2^; Guo, S.^1^; Monia, B.P.^1^ *1. Drug Discovery, Ionis Pharmaceuticals, Carlsbad, CA, USA* *; 2. Hospital for Sick Children, U. of Toronto, Toronto, ON, Canada* *; 3. Experimental Medicine, Max Planck Institute, Gottingen, Germany*

**Introduction:** Inhaled antisense oligonucleotides (ASOs) distribute broadly into many cell types in the lung where they downregulate gene expression by inducing RNase H dependent degradation of targeted mRNAs. We have evaluated an antisense strategy for the treatment of CF by inhibiting the epithelial sodium channel (ENaC). It has been demonstrated that ENaC hyperactivity leads to mucus dehydration and accumulation in CF patients and increased ENaC levels in lung result in cystic fibrosis‐like disease in mice. Mouse models of CF were generated by overexpression of ENaC (Mall M, et al. Nature Med. 2004;10:487‐93) or by deletion of Nedd4L, the ubiquitin ligase which controls the levels of ENaC on the cell surface in airway epithelial cells (AECs) and has been demonstrated to increase levels of ENaC expression (Kimura T, et al. PNAS. 2011;108;8:3216‐21).

**Objective:** To administer ENaC ASOs by inhalation and determine their effectiveness in both genetically modified mouse models and a CF model induced by ASO‐mediated knockdown of Nedd4L.

**Methods:** We identified several ENaC specific ASOs and assessed their effectiveness for reducing target mRNA levels in cell culture and mice. The most potent ASOs were then tested by inhalation in CF mouse models. mRNAs for ENaC and several genes involved in mucus production were assessed by RT‐PCR.

**Results:** Intranasal administration of two independent ENaC ASOs into Nedd4L KO pups resulted in reduced ENaC mRNA (40‐60%) and mucus. In order to study CF endpoints in adult mice, but maintain the phenotype of the Nedd4L knockout mouse, we delivered Nedd4L specific ASOs directly into the lungs of normal adult mice which resulted in 80‐90% Nedd4L RNA knockdown, increased goblet cell and mucus accumulation, inflammation and airway hyperresponsiveness (AHR). RNA levels for mucus markers, including Gob5, FOXa3, SPDEF, AGR2 and MUC5B, were all significantly increased by Nedd4L ASO treatment. Aerosol delivery of ENaC ASOs produced dose‐responsive mRNA reduction of ENaC in AECs. Pretreatment with ENaC ASOs, down‐regulated mucus marker expression, prevented goblet cell and mucus accumulation, inflammation and AHR induced by Nedd4L ASOs. Once prophylactic activity was established with aerosolized ENaC ASOs, the ability to therapeutically reverse the CF endpoints in the Nedd4L ASO‐induced model was determined. After establishing the CF phenotype, aerosolized ENaC ASOs were able to reverse the Nedd4L‐ASO induced mucus markers and mucus overproduction. In addition, AHR was established in all groups before dosing with ENaC or a control ASO. ENaC ASO was able to reverse the AHR to naïve levels while no effect was observed by the control ASO. The effect of ENaC ASOs in the Nedd4L models was confirmed in βENaC transgenic mice.

**Conclusion:** Inhalation treatment with ENaC ASOs improved disease phenotypes in the Nedd4L ASO‐induced model and genetically modified CF lung disease mouse models. Our data demonstrates that antisense inhibition of ENaC in AECs could be an effective approach for the treatment of CF.
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**CLINICAL BENEFITS OF ATALUREN IN CYSTIC FIBROSIS PATIENTS WITH A ***CFTR*** NONSENSE MUTATION NOT RECEIVING CHRONIC INHALED TOBRAMYCIN**

[De Boeck, C.]{.ul} ^1^; Heijerman, H.^2^; Davies, J.C.^3^; Sermet‐Gaudelus, I.^4^; Hjelte, L.^5^; Kerem, E.^6^; Yiping, S.^7^; McIntosh, J.^7^; Malfroot, A.^8^; Tiddens, H.^9^ *1. KZ Leuven, Leuven, Belgium* *; 2. HagaZiekenhuis, The Hague, Netherlands* *; 3. Imperial College London, London, United Kingdom* *; 4. Hopital Necker Enfants Malades, Paris, France* *; 5. Stockholm CF Center, Karolinska University Hospital, Karolinska Institutet, Stockholm, Sweden* *; 6. Hadassah‐Hebrew Univ. Med. Center, Jerusalem, Israel* *; 7. PTC Therapeutics, South Plainfield, NJ, USA* *; 8. UZ Brussels, Brussels, Belgium* *; 9. ErasmusMC‐Sophia Children\'s Hosp., Rotterdam, Netherlands*

**Introduction:** Pulmonary exacerbations (PEs) are important clinical events for cystic fibrosis (CF) patients and are associated with decreased quality of life, accelerated lung disease progression, and increased risk of death. Ataluren induces read‐through of premature stop codons, thereby promoting CFTR production in CF patients with a *CFTR* nonsense mutation.

**Aim:** To investigate the effect of ataluren on exacerbations and lung function in patients with a *CFTR* nonsense mutation in at least one allele.

**Methods:** A posthoc analysis was conducted on the effect of ataluren on PEs, as defined by the modified Fuchs criteria, in patients not receiving chronic inhaled tobramycin.

**Results:** In patients not receiving chronic inhaled tobramycin (N=146), there were 40% fewer PEs in patients receiving ataluren vs patients receiving placebo (1.42 vs 2.18; p=0.0061). This clinical benefit of ataluren was consistent across all prognostic indicators for disease severity, eg, female gender, *P. aeruginosa* infection, %‐predicted (pp)FEV~1~ ≤65%, pancreatic insufficiency status, and CF‐related diabetes (Figure).

Median time to first PE was 281 days for patients on ataluren vs 166 days for placebo. Mean duration of hospitalization was 2.8 days for ataluren vs 8.1 days for placebo.

Relative change from baseline in ppFEV~1~ showed a significant 5.7% difference between ataluren and placebo (--0.7% vs --6.4%; p=0.0082) and an 8.2% difference in relative ppFEV~1~ for patients ≥6 to \<18 years old (n=42) (4.9% vs --3.3%; p=0.026).

**Conclusions:** In a posthoc analysis, ataluren significantly reduced PEs in patients with a *CFTR* nonsense mutation not receiving chronic inhaled tobramycin. This clinical benefit was supported by FEV~1~ data. Ataluren shows promise as a potential therapy for the underlying cause of disease in CF patients with a nonsense mutation in at least one allele of the *CFTR* gene.
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PE rate ratio for ataluren vs placebo (modified Fuchs) among patients not receiving chronic inhaled tobramycin

**215**

**A PHASE II, RANDOMISED, DOUBLE‐BLIND, PLACEBO‐CONTROLLED STUDY OF DRY POWDER MANNITOL IN CHILDREN WITH CF (OVERALL AND SUBGROUP ANALYSES)**

[De Boeck, C.]{.ul} ^1^; Haarman, E.^2^; Hull, J.^3^; Lands, L.C.^4^; Moeller, A.^5^; Munck, A.^6^; Riethmueller, J.^7^; Tiddens, H.^8^; Volpi, S.^9^; Leadbetter, J.^10^; Charlton, B.^10^; Malfroot, A.^11^ *1. KUL Leuven, Leuven, Belgium* *; 2. VU University Medical Center, Amsterdam, Netherlands* *; 3. Paediatric Respiratory Medicine, Oxford Children\'s Hospital, Oxford, United Kingdom* *; 4. McGill University, Montreal, QC, Canada* *; 5. University Children\'s Hospital, Zurich, Switzerland* *; 6. Hôpital Robert Debré, Paris, France* *; 7. University Children\'s Hospital, Tuebingen, Germany* *; 8. Erasmus Medical Centre, Rotterdam, Netherlands* *; 9. Azienda Ospedaliera Universitaria Integrata, Verona, Italy* *; 10. Pharmaxis Ltd, Sydney, NSW, Australia* *; 11. UZ Brussel, Brussels, Belgium*

**Introduction:** Inhaled mannitol (IM) has been examined in several acute, short‐ and long‐term studies and has been shown to have beneficial effects on lung function, MCC, QOL and sputum properties compared to control.

**Methods:** Multicentre randomised cross‐over study assessing the efficacy of 8 weeks treatment with IM 400mg bd compared to placebo (nonrespirable mannitol) in CF subjects aged 6‐17 years. The primary endpoint was absolute change from baseline in ppFEV~1~, secondary endpoints included FEF~25‐75~ and posttreatment sputum weight. Prespecified subgroup analyses included age, rhDNase use, annualized rate of decline in ppFEV~1~ and screening ppFEV~1~.

**Results:** A total of 92 subjects were randomised and received study drug. Mean (SD) age was 12 (3.0) years and mean (SD) baseline percent predicted (pp) FEV~1~ was 72.2% (11.6); 68.5% were taking rhDNase. There was significant absolute improvement in ppFEV~1~ in the IM group: treatment difference with placebo was 3.42% (1.12, 5.71; p=0.004) corresponding to a 4.97% (1.53, 8.42; p=0.005) relative difference. For FEF~25‐75~ the treatment difference in the relative change from baseline was 10.52% (2.30, 18.73; p=0.013). In the IM group, acute posttreatment sputum weight was significantly higher than in the placebo group (difference 1.33g; p=0.012). In the prespecified subgroups the treatment differences consistently favoured IM with point estimates for all subgroups being consistent with the overall treatment difference.; (rhDNase user: 3.29%, 95% CI 0.28‐6.30; rhDNase non‐user: 3.92%, 95% CI 0.42‐7.42), (6‐11 years: 3.78%, 95% CI 0.13‐ 7.43; 12‐17 years: 3.35%, 95% CI 0.14‐6.55), (decline in ppFEV~1~ pa at baseline (\<2%) 2.91%, 95% CI ‐0.26‐6.08; decline in ppFEV~1~ pa at baseline (≥2%) 3.23%, 95% CI 0.20‐6.26), (screening ppFEV~1~ \>70%: 3.43%, 95% CI 0.81‐6.05; screening ppFEV~1~ ≤70%: 2.87%, 95% CI ‐0.74‐6.49). Adverse event (AE) numbers were similar between arms; study withdrawals due to AEs were low (IM 2.3%; placebo 1.1%). Serious AEs were less frequent in the IM arm (IM 11.5%; placebo 14.9%). The most common AEs overall and in the subgroups were cough and pulmonary exacerbations. Pulmonary exacerbations were 30% lower in the IM group. Haemoptysis was uncommon (IM 3.4%; placebo 2.3%) and mild. There were no treatment emergent deaths in the study.

**Conclusions:** The study confirms that IM as add‐on therapy to optimal care provides immediate and significant benefits in lung function and sputum weight in children and adolescents irrespective of rhDNase use, age or disease severity. AEs were less common in the mannitol group. IM was associated with a reduced incidence of pulmonary exacerbations and the incidence of haemoptysis was low and similar between groups. (Clinical Trials.Gov: NCT 01883531.)
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**PRECLINICAL EVIDENCE FOR ADDING ENAC INHIBITION TO CORRECTOR/POTENTIATOR THERAPY (LUMACAFTOR/IVACAFTOR COMBINATION THERAPY)**

Haberman, R.^1^; Ling, M.^1^; Van Goor, F.^1^; Higgins, M.^2^; [Jain, M.]{.ul} ^3^ *1. Vertex Pharmaceuticals Incorporated, Boston, MA, USA* *; 2. Vertex Pharmaceuticals (Europe) Limited, London, United Kingdom* *; 3. Pulmonary and Critical Care Medicine, Feinberg School of Medicine, Northwestern University, Chicago, IL, USA*

**Introduction**: The most common mutation in patients with cystic fibrosis (CF), *F508del*, interferes with transport of the CFTR protein to the cell surface and impairs chloride channel function, leading to disruption of fluid balance in epithelial tissues, most notably the lung. Epithelial sodium channels (ENaC), which are, paradoxically, overactive in CF, are one of the primary proteins responsible for fluid balance in the lung and appear to be partially regulated by CFTR. Thus, CFTR dysfunction may contribute to excessive intracellular sodium transport via ENaC and, secondarily, excessive H~2~O absorption.

VX‐371 is an inhaled ENaC inhibitor being actively studied in preclinical models and early phase trials. VX‐371 was designed to act directly at the respiratory epithelium with minimal systemic exposure. In animal models, VX‐371 alone or plus hypertonic saline (HS) produced large and sustained increases in mucociliary clearance. In confocal studies, increases in airway‐surface liquid (ASL) height were observed with VX‐371 plus HS plus lumacaftor and ivacaftor (LUM/IVA) therapy (Thelin W*,* Pediatr Pulmonol. 2015:50(S41);265). Multiple Phase 1 studies have shown VX‐371 to be well tolerated; a recently completed Phase 2 trial has confirmed the tolerability profile of VX‐371 in patients with CF (no restriction on mutation) who were not receiving CFTR modulator therapy. Here, we report additional preclinical findings to support the rationale of adding ENaC inhibition to CF modulator therapy.

**Methods:** The effects of VX‐371 with LUM/IVA were evaluated on ASL height and ciliary beat frequency (CBF). Human bronchial epithelia (HBE) *F508del‐CFTR* homozygous cells were treated with VX‐371, LUM/IVA, or the combination of VX‐371 with LUM/IVA, using an experimental paradigm designed to best capture the effects of ENaC inhibition on ASL and CBF over 72 hours.

**Results:** VX‐371 augmented the effects of the combination of LUM/IVA on ASL or CBF when compared to LUM/IVA alone. Exposure of *F508del/F508del‐CFTR* HBE cells to LUM/IVA plus VX‐371, in the presence of vasoactive intestinal protein, resulted in a 2‐fold increase in CBF vs LUM/IVA alone. Additionally, VX‐371 in combination with LUM/IVA significantly increased ASL height at 8 and 48 hours when compared to vehicle alone.

**Conclusion:** Success with CFTR potentiators and correctors has enabled further research focused on improving airway hydration and ciliary motility by restoring the balance between ENaC and CFTR. Preclinical studies in *F508del* HBE cells continue to confirm the value of this multifactorial approach, and early phase trials have confirmed that VX‐371 is well‐tolerated in healthy volunteers and patients with CF. The study design of an on‐going Phase 2 clinical trial utilizing ENaC inhibition with standard of care LUM/IVA therapy will be presented.

Sponsored by Vertex Pharmaceuticals Incorporated.
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**NONCLINICAL PROFILE OF THE CFTR CORRECTOR VX‐661**

[Van Goor, F.]{.ul}; Grootenhuis, P.; Hadida, S.; Burton, B.; Young, T.; Selkirk, J.; Powe, A.; De La Rosa, O.; Jiang, L.; Zhou, J.; Yu, H.; Negulescu, P. *Vertex Pharmaceuticals Incorporated, Boston, MA, USA*

**Introduction:** One therapeutic strategy to treat CF is to enhance chloride transport by increasing the amount and function of CFTR at the cell surface using a combination of small molecule CFTR modulators such as CFTR correctors and potentiators. VX‐661 is a clinical‐stage CFTR corrector that shares structural features with lumacaftor (VX‐809). Here we present the nonclinical profile of VX‐661, including in vitro pharmacology and in vivo pharmacokinetic characteristics.

**Methods and Results:** The biochemical and pharmacological profile of VX‐661 alone and in combination with ivacaftor was investigated in human bronchial epithelial (HBE) cells derived from multiple homozygous *F508del* CF donors (*F508del/F508del*‐HBE). In Western blot studies, 24‐hour treatment with 3 μM VX‐661 either alone or in combination with 100 nM ivacaftor improved the cellular processing and trafficking of F508del‐CFTR as determined by an increase in the mature glycosylated CFTR. In Ussing chamber studies using *F508del/F508del*‐HBE cells derived from six donors, 24‐hour treatment with VX‐661 alone enhanced chloride transport from a baseline of 2.5% to 8.1% of normal levels with a half‐maximal effective concentration (EC~50~) of 516 ± 42 nM. Co‐treatment (24 hours) with 0.1 μM ivacaftor and 3 μM VX‐661 further enhanced chloride transport to 15.7% of non‐CF airway cells. A minimal response to ivacaftor monotherapy was observed, which is consistent with little‐to‐no F508del‐CFTR at the cell surface in the absence of VX‐661. 72‐hour treatment of cultured *F508del/F508del*‐HBE cells with 3 μM VX‐661 and 0.1 μM ivacaftor also increased fluid transport and ciliary beat frequency to levels greater than those observed with either agent alone. These in vitro data demonstrate that the combination of VX‐661 and ivacaftor provides improvement of chloride transport, fluid transport, and ciliary beat frequency in *F508del/F508del*‐HBE cells. This combination was also explored in a panel of cells expressing different mutant CFTR forms, including mutant CFTR forms associated with severe or moderate defects in processing and trafficking, defects in channel gating activity or residual chloride transport. Overall, these in vitro data demonstrated that the combination of VX‐661 and ivacaftor improved chloride transport more than either agent alone in cells expressing a wide range of mutant CFTR forms. VX‐661 has a favorable preclinical pharmacokinetic profile with low clearance, high oral bioavailability, and good distribution into target tissues. Risk of drug‐drug interactions with VX‐661 is small since it does not inhibit or induce any major cytochrome P450 enzymes in vitro.

**Conclusion:** Together, these data support continued evaluation of the combination of VX‐661 and ivacaftor in clinical trials evaluating outcomes in a range of CFTR mutations.

Sponsored by Vertex Pharmaceuticals Incorporated.
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**COMBINATION LUMACAFTOR/IVACAFTOR THERAPY IMPROVES INFLAMMATORY BIOMARKERS IN PATIENTS WITH CF HOMOZYGOUS FOR THE ***F508DEL‐CFTR*** MUTATION**

[Sullivan, J.C.]{.ul} ^1^; Accurso, F.J.^2^; Marigowda, G.^1^; Beusmans, J.^1^; Geho, D.^1^; Zhang, E.^1^; Moss, R.^3^; Waltz, D.^1^ *1. Vertex Pharmaceuticals Incorporated, Boston, MA, USA* *; 2. Department of Pediatrics, University of Colorado Denver School of Medicine, Children\'s Hospital Colorado, Aurora, CO, USA* *; 3. Stanford University School of Medicine, Palo Alto, CA, USA*

**Introduction:** Inflammation plays an important role in the pathogenesis of CF. We assessed the effects of combination therapy with lumacaftor (LUM), a CFTR corrector, and ivacaftor (IVA), a CFTR potentiator, on biomarkers of systemic inflammation and their relationships with lung function in patients with CF aged ≥12 years homozygous for *F508del‐CFTR*.

**Methods:** Patients from 2 randomized Phase 3 trials of LUM/IVA (TRAFFIC and TRANSPORT) who provided baseline and week‐24 blood samples during either study (889/1054 patients, 84%) were included in the present post hoc analysis. Patients were assigned to receive LUM (600 mg qd, n=294; or 400 mg q12h, n=291) plus IVA (250 mg q12h) or placebo (n=304). Percent predicted FEV~1~ (ppFEV~1~), white blood cell (WBC) counts, and levels of calprotectin, C‐reactive protein (CRP), immunoglobulin G (IgG), interleukin (IL)‐8, and IL‐18 were recorded at baseline and study week 24 and analyzed by linear regression.

**Results:** Statistically significant reductions in calprotectin, CRP, IgG, and IL‐8 (all *P*\<0.0001) were observed with LUM/IVA vs placebo, in addition to significant improvements in ppFEV~1~. Significant inverse correlations existed at baseline between ppFEV~1~ and CRP (*P*\<2e‐16), IL‐8 (*P*=3e‐14), and calprotectin (*P*=2e‐13) levels, as well as between the change from baseline in ppFEV~1~ and that in the same biomarkers (CRP, *P*=0.02; IL‐8, *P*=0.007; calprotectin, *P*=6e‐7). Statistically significant reductions in monocyte and neutrophil counts were observed in WBC analyses.

**Conclusions:** Improvements observed in ppFEV~1~ over 24 weeks of LUM/IVA treatment were associated with reductions in calprotectin, CRP, IgG, and IL‐8 levels. These data support an effect of LUM/IVA in ameliorating CF‐related inflammation.

Sponsored by Vertex Pharmaceuticals Incorporated.
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**DIRECT X‐RAY MEASUREMENT OF AIRWAY SURFACE HEALTH IN ANIMAL MODELS: AN UPDATE ON THE STATE‐OF‐THE‐ART**

[Donnelley, M.]{.ul} ^1,2,3^; Morgan, K.^4,5^; Parsons, D.W.^1,2,3^ *1. Respiratory & Sleep Medicine, Women\'s & Children\'s Hospital, North Adelaide, SA, Australia* *; 2. Robinson Research Institute, University of Adelaide, Adelaide, SA, Australia* *; 3. School of Medicine, University of Adelaide, Adelaide, SA, Australia* *; 4. School of Physics & Astronomy, Monash University, Clayton, VIC, Australia* *; 5. Institute for Advanced Studies, Technische Universitat Munchen, Garching, Germany*

**Introduction:** Maintenance of adequate airway surface liquid (ASL) and proper functioning of the mucociliary transit (MCT) system in the pathophysiology of CF airway disease is well understood, but until recently these parameters have been impossible to measure in live animals. Our goal is to noninvasively assess ASL and MCT as an outcome measure for developing genetic and pharmaceutical CF airway treatments, and we have developed synchrotron x‐ray imaging methods to enable monitoring of these measures of airway surface health. Our methods were developed in mice at the SPring‐8 Synchrotron in Japan, but we plan to transition to larger animal models with a view to future use in CF animals. Technique translation to the larger Imaging and Medical Beamline (IMBL) x‐ray beam at the Australian Synchrotron has begun. Here we provide an update on the state‐of‐the‐art in in vivo ASL depth and MCT measurement.

**Methods:** While anaesthetised, the nasal airways of normal and CF mice, and the trachea of ventilated normal and β‐ENaC mice were imaged at SPring‐8. MCT tracking particles (20 μm diameter) were insufflated into the airways prior to imaging, and the effects of airway‐rehydrating therapies (eg, hypertonic saline) were assessed after delivery using an Aeroneb vibrating mesh nebuliser. A phase‐grid was placed immediately before the trachea, and arranged to cover half the field‐of‐view, in order to reconstruct an airway surface image from the sample‐induced distortions of the grid observed 1 metre downstream, allowing the ASL depth to be calculated.

Segments of freshly‐excised pig and sheep trachea were imaged at the IMBL. MCT tracking particles (100 μm) were insufflated onto the segments, and an Aeroneb nebuliser was used to deliver aerosolised hypertonic or isotonic saline.

MCT rate and ASL depth changes in response to treatment were calculated postexperiment.

**Results:** At SPring‐8 increases in MCT and ASL depth were detected in mice following administration of aerosolised rehydrating therapies, with ASL depth changes lasting \< 10 minutes posttreatment. This agrees with cell culture studies assessed by optical microscopy. At the IMBL, MCT was visible in all live sheep and pig tracheal segments and beads moved in the direction of preferential MCT, including vertically up the tracheal wall when oriented against gravity. The coherence and flux density at the IMBL does not allow ASL depth assessment to be performed.

**Discussion:** High spatial resolution synchrotron phase‐contrast X‐ray imaging can reveal the depth of the ASL layer and be used for tracking MCT in live mouse nasal and tracheal airways at SPring‐8. We have also demonstrated that the wide beam at the IMBL is suitable for imaging MCT in ex vivo tissue samples. We expect that live imaging of intact pigs is feasible (studies planned for Aug 2016), and noninvasive imaging of MCT in CF pig models may be achievable in the future.

**Acknowledgements:** Supported by the Cure4CF and WCH Foundations, NHMRC and Australian Synchrotron ISAP.
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**PERFLUORINATED GAS MRI DETECTS REGIONAL VENTILATION HETEROGENEITY IN CF**

[Goralski, J.L.]{.ul} ^1^; Akinnagbe, E.^2^; Charles, H.C.^3^; Donaldson, S.H.^1^; Lee, Y.^4^ *1. Marsico Lung Institute, UNC, Chapel Hill, NC, USA* *; 2. Biomedical Engineering, UNC, Chapel Hill, NC, USA* *; 3. Radiology, Duke University Medical Center, Durham, NC, USA* *; 4. Radiology, UNC, Chapel Hill, NC, USA*

**Rationale:** Currently available endpoints for testing of new therapies in CF generally offer only information on lung structure (such as chest radiography and chest CT) or function (spirometry and lung clearance index), but not both. Additionally, current radiographic techniques employed to image the lung require the use of ionizing radiation, which limits the translation to young children and hampers repetitive use of these measures over time. The use of inhaled gas as a contrast agent has greatly improved the suitability of MRI techniques for pulmonary imaging. Enhancement with perfluorinated gas allows for a functional assessment of multiple breath gas kinetics in healthy and diseased lung.

**Methods:** 6 healthy controls (mean FEV1 102%) and 6 subjects with stable CF (mean FEV1 52.7%) underwent perfluoropropane (PFP)‐enhanced magnetic resonance imaging (^19^F MRI) using PFP mixed with oxygen in a 79%:21% ratio as an inert, inhaled gaseous contrast agent. Subjects were instructed on a series of breath‐holds during which imaging sequences were obtained to study the wash‐in and wash‐out kinetics of regional ventilation. Safety was monitored via continuous pulse oximetry and end‐tidal CO~2~ measurements. Spirometry was performed before and after ^19^F MRI to ensure no changes in lung function as a result of the study gas inhalation.

**Results:** Signal saturation color maps were created to compare ventilation of subjects with CF to those of healthy controls, including baseline, time‐to‐maximal signal saturation, and the slope of the wash‐in and wash‐out curves. Ventilation heterogeneity was noted in all subjects with CF, more pronounced at lower lung function, whereas relative homogeneity of gas diffusion was observed for normal subjects. The Figure shows a color‐mapped comparison of time to maximum wash‐in of PFP in a healthy control subject (Panel A; FEV1 126% of predicted) and a CF patient (Panel B; FEV1 37% of predicted). This demonstrates delayed and more heterogeneous contrast gas wash‐in, as expected in subjects with airway obstruction, with some regions failing to demonstrate gas signal at all.

**Conclusions**: When paired with ^1^H images, ^19^F MRI offers simultaneous spatial and functional information about gas diffusion and reflects the heterogeneity of lung ventilation in CF lung disease. No overt safety concerns were noted over 12 studies, including no changes in FEV1 post‐MRI. Future studies are planned to study this technique as an outcome measure for the treatment of a CF pulmonary exacerbation.

![](PPUL-51-S194-g024.jpg "ppul23576-gra-0024")

A; Control. B: CF with delayed gas wash‐in and slow‐filling compartments.
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**DIGITAL CHEST TOMOSYNTHESIS AS A NOVEL METHOD FOR 3D LUNG IMAGING**

[Goralski, J.L.]{.ul} ^1^; Hartman, A.^2^; Wu, G.^2^; Inscoe, C.^2^; Donaldson, S.H.^1^; Lu, J.^2^; Zhou, O.^2^; Lee, Y.^2,3^ *1. Pulmonary and Critical Care Medicine/Marsico Institute for Lung Health, Univ North Carolina Chapel Hill, Chapel Hill, NC, USA* *; 2. Physics and Astronomy, UNC, Chapel Hill, NC, USA* *; 3. Radiology, UNC, Chapel Hill, NC, USA*

**Background:** Computed tomography studies of infants with CF reveal that progressive structural lung disease is present much earlier than symptoms. Unfortunately, we are severely limited in the tools available to safely evaluate the youngest patients, hampering our clinical ability to intervene on these patients and prevent irreversible damage. Even low‐dose CT is of limited utility in this radiation‐sensitive population. Digital chest tomosynthesis (DCT) is a commercially available imaging technique that reconstructs image slices from an acquisition of a series of projection images into a pseudo‐3D image. The in‐plane resolution of DCT can be higher than that of CT, at a significantly lower radiation dose. Scan times, unfortunately, are 5 to 15 seconds, well beyond the normal respiratory cycle of a young patient. We have developed a stationary digital chest tomosynthesis system (s‐DCT), which utilizes a stationary gantry with multiple, independently activated x‐ray focal spots based on carbon nanotube (CNT) x‐ray technology. The key advantage of the system is the potential to perform gated x‐ray imaging in which projections can be acquired synchronized to the patient\'s respiratory cycle. The goal of this first‐in‐human study is to evaluate the s‐DCT system against conventional radiography in adult and pediatric CF patients.

**Methods:** CF patients undergoing clinically indicated chest radiographs were recruited. Patients underwent s‐DCT imaging with a 29‐pixel CNT linear x‐ray source with a 29‐cm‐long tube. A digital x‐ray detector was placed behind the patient; all patients were imaged in a supine position. Imaging time was 10 seconds, performed during a breath hold. Radiation dose is approximately 3.2 microGray (vs. approximately 10 milliGray for CT). Reconstruction was performed with an iterative reconstruction algorithm. Images were reviewed by board‐certified radiologists.

**Results**: Twenty patients have completed the single‐image study. Image quality as rated by radiologists is significantly higher than conventional radiographs. Confidence in the evaluation for bronchiectasis, nodularity and architectural changes exceeded that of conventional chest radiographs. A full comparison study is planned, including an evaluation of s‐DCT versus CXR Brasfield scoring.

**Conclusions:** Stationary chest tomosynthesis has the potential to perform low‐dose, high‐resolution evaluation of the thorax. We will likely be able to extend the technique to younger patients through the use of gating studies that are not possible with conventional chest tomosynthesis systems. This technology has the potential to provide the early evaluation of the lung fields in asymptomatic children.
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**SCALE UP OF A SAFE PEPTIDE PRODUCT FOR PRECLINICAL INHALED TOXICOLOGY**

Crowder, T. *Technical Operations, Spyryx Biosciences, Durham, NC, USA*

**Introduction:** Spyryx Biosciences is developing SPX‐101, an inhaled peptide that is an optimized synthetic mimetic of the ENaC‐regulating domain of short palate lung and nasal epithelial clone 1 (SPLUNC‐1). This peptide has demonstrated significant airways surface liquid (ASL) regulation, restoration of tracheal mucus velocity in a sheep model of CF, and a compelling toxicological profile with no hyperkalemia seen in other ENaC‐affecting agents. This safety profile presents a challenge when manufacturing materials for toxicological studies requiring dosing at a maximum feasible dose with the scale of manufacture approaching commercial batch size.

**Objective:** The objective of this study was to optimize a solution formulation of SPX‐101 and perform nebulizer performance characterization to support achievement of a maximum feasible dose in inhalation exposure for IND‐enabling toxicology studies. Further, development required demonstration of stability and ability to scale to a production scale of over 50 liters.

**Methods:** A formulation stability optimization study was conducted at small scale by compounding SPX‐101 at 20 mg/mL in 0.9% NaCl at pH 6, 7 and 7.5. Samples were placed on stability at long term (5°C) and accelerated (25°C/60%RH and 40°C/75%RH) and analyzed by RP‐HPLC for impurity profile over 3 months. The SPX‐101 delivery rate was determined in an Aerogen® Solo nebulizer at concentrations ranging from 0 to 20 mg/mL. Once an optimal formulation was determined a 57 L batch was compounded, sterile filtered, packaged and released for GLP toxicology.

**Results:** All pH formulations showed good stability at long‐term storage conditions with the purity unchanged at 3 months. At accelerated conditions the purity decreased by 2.5% at 25°C and 17.5% at 40°C for all three pH formulations at 3 months. The pH 7 formulation was selected for further development as no difference in stability was observed and this pH would avoid adding to the acidic load of CF airways. The extrapolated shelf life to 90% purity of the formulation was 22 months at 5°C. In the Aerogen® Solo nebulizer, the nebulization rate dropped from 0.7 mL/min at a concentration of 0% SPX‐101 (saline alone) to 0.09 mL/min at 20 mg/mL due to the increasing surface action of the formulation. In terms of peptide delivery, a plateau of 1.7 mg (SPX‐101)/min was reached above 5 mg/mL. With the formulation selected, 1.5 kg of GMP‐grade SPX‐101 was prepared with 46% yield and a 57 L sterile batch that met the preliminary drug product specifications was prepared and utilized in GLP toxicology studies.

**Conclusions:** The data generated during the formulation optimization study support a refrigerated solution for inhalation at 20 mg/mL SPX‐101 adjusted to pH 7 with a predicted shelf life approaching two years. Nebulization studies supported the conclusion that the maximum feasible dose was delivered during GLP toxicology. The toxicology batch was manufactured at a scale representing as much as 57,000 doses of the potential human dose.

**223**

**CAT‐5571 AS A NOVEL AUTOPHAGY ACTIVATOR THAT ENHANCES THE CLEARANCE OF ***PSEUDOMONAS AERUGINOSA*****

[Bonfield, T.L.]{.ul} ^1^; Liu, F.^2^; Sachin, C.^2^; Fahrner, R.^2^; Lee, D.^2^; Nichols, A.^2^; Picarella, D.^2^; Ting, A.^2^; Webb, S.^2^; Wensley, A.^2^; Yeager, M.^2^; Vu, C.^2^; Fletcher, D.^1^; van Heeckeren, R.^1^ *1. Pediatrics, Case Western Reserve University, Cleveland, OH, USA* *; 2. Catabasis Pharmaceuticals, Cambridge, MA, USA*

In CF patients, the lack of a proper functioning CFTR causes a chronic lung infection that is difficult to treat with conventional antibiotics. *Pseudomonas aeruginosa* is a common and particularly virulent pathogen that can cause a significant level of morbidity and mortality. Intracellular bacterial colonization of *P. aeruginosa* in macrophages, mast cells or epithelial cells is particularly difficult to eradicate with antibiotics, even with those that are cell‐permeable. Autophagy is a catabolic process that cells use to degrade various defective proteins/foreign pathogens and convert them into useful cellular building blocks such as amino acids and lipids. In CF, it is known that autophagy is impaired and this can further compromise the patient\'s ability to clear the chronic lung infection. Autophagy activation enables an alternative mechanism to clear the bacterial infection out of cells; and therefore, could potentially be useful when used in combination with anti‐infective agents. The fatty acid cysteamine conjugate CAT‐5571 is a new chemical entity that can activate autophagy in cultured primary homozygous F508del human bronchial epithelial (hBE) cells at concentrations as low as 0.3 μM. In an in vitro study involving hBE cells that had been infected with *P. aeruginosa*, a significant reduction in the intracellular bacterial load was observed when cells were pretreated with CAT‐5571. The reduction in the CFU was comparable to that observed when similarly infected hBE cells were treated with cytochalasin D, a cell‐permeable antibiotic. The bacterial clearance was demonstrated first in an in vivo study using female BALB/c mice that were dosed orally with CAT‐5571 for 3.5 days prior to infection with a lethal challenge of *P. aeruginosa*. CAT‐5571 was then evaluated in a chronic *P. aeruginosa* infection model involving gut‐corrected CF F508del/F508del mice. In this in vivo model of CF lung infection and inflammation, treatment with CAT‐5571 resulted in a decrease in bacterial load (82506 ± 36048 without drug to 1657 ± 1406 with drug, n = 7). Although there was no difference in the total white blood cell count in bronchoalveolar lavage fluid, there was a shift away from neutrophils (26.44 ± 10 versus 8 ± 3, n ≥ 6) and increased number of macrophages (71 ± 29 versus 89 ± 9, n ≥ 6) all parameters p\<0.05, using the analysis of variance between vehicle and CAT‐5571 treated animals. CAT‐5571 represents a potential new therapeutic for the treatment of CF.
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**CTP‐656 MULTIPLE DOSE PHARMACOKINETIC PROFILE CONTINUES TO SUPPORT A ONCE‐DAILY POTENTIATOR FOR CYSTIC FIBROSIS PATIENTS WITH GATING MUTATIONS**

[Uttamsingh, V.]{.ul}; Pilja, L.; Brummel, C.L.; Grotbeck, B.; Cassella, J.V.; Braman, G. *Concert Pharmaceuticals, Inc., Lexington, MA, USA*

**Background**: In Phase 1 single‐dose trials, CTP‐656, a deuterated analog of ivacaftor (Kalydeco®), demonstrated a superior pharmacokinetic (PK) profile compared to ivacaftor. The key exposure parameters, AUC and C~trough~, were substantially enhanced for CTP‐656 relative to ivacaftor. The half‐life for CTP‐656 was approximately 15 hours, supporting development of CTP‐656 as a once‐daily treatment for cystic fibrosis patients with gating mutations. As part of the Phase 1 clinical development program, the safety, tolerability and steady‐state PK profile following multiple‐dose administration of CTP‐656 was characterized.

**Methods**: The multiple‐dose study was a double‐blind, placebo‐controlled study that assessed 75‐mg, 150‐mg, and 225‐mg doses of CTP‐656 administered once‐daily for 7 consecutive days. Each cohort enrolled 10 new subjects; 8 subjects received active drug and 2 received placebo (4:1 randomization). All subjects were dosed under fed conditions; a high‐fat breakfast was provided on Day 1 through Day 7 approximately 30 minutes prior to dosing. Dose escalation was initiated only after safety and tolerability were found to support proceeding to the higher dose. Pharmacokinetic blood samples were collected at several time points postdose on Day 1 and Day 7, and at 12 and 24 hours postdose on Day 2 through Day 6. The plasma concentrations of CTP‐656 and its metabolites, D‐M1 and D‐M6 were analyzed by LC‐MS/MS. The steady‐state PK profiles for CTP‐656, D‐M1 and D‐M6 were evaluated for the three dose cohorts.

**Results**: CTP‐656 showed a dose‐proportional increase in exposure with repeated dosing for the 150‐mg dose relative to the 75‐mg dose. The 225‐mg dose showed higher than dose‐proportional increase in exposure following 7 days of dosing suggesting saturation of metabolism of CTP‐656. Steady‐state plasma exposure was achieved by day 5 for all three doses. The average plasma half‐life across the three doses of CTP‐656 was approximately 18 hours. Contrary to reported values for Kalydeco at steady state, the metabolite exposure profile of CTP‐656 after 7 days of dosing showed that the greatest exposure in plasma was to the parent drug. The average parent to metabolite (major metabolite, D‐M1) AUC ratio was about 1.5 for the 75 mg and 150 mg doses, and about 2.0 for the 225 mg dose. All three doses were well‐tolerated and the safety profile of CTP‐656 was similar to that reported for Kalydeco.

**Conclusions**: The repeat dose safety, tolerability and pharmacokinetic profile of CTP‐656 continues to support its development as a once‐daily CFTR potentiator. Based on the known pharmacodynamic‐pharmacokinetic relationship for ivacaftor, the repeat dose study with CTP‐656 has provided the necessary data to select potentially effective doses for a Phase‐2 clinical trial in patients with gating mutations.
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**PLANT‐DERIVED ACTIN‐INHIBITION‐RESISTANT DEOXYRIBONUCLEASE I (AIR‐DNASE), NOVEL TREATMENT FOR CYSTIC FIBROSIS**

Almon, E.; Fux, L.; Shulman, A.; Ruderfer, I.; Bartfeld, D.; Nataf, Y.; Chertkoff, R.; [Shaaltiel, Y.]{.ul} *Protalix Biotherapeutics, Carmiel, Israel*

Recombinant human DNase I enzymatically cleaves extracellular DNA in the sputa of cystic fibrosis (CF) patients, hence, reducing sputum viscoelasticity that accumulates in the lungs of these patients and enabling better sputum expectoration. Actin, a potent inhibitor of DNase I, is found in high concentration in CF patients\' sputum and may decrease the enzyme\'s DNA degradation activity therefore interfering with the effectiveness of inhaled DNase I in the lungs of CF patients. In order to reduce the actin‐DNase I interaction and the subsequent inhibition of DNase I activity, Protalix has developed an Actin‐Inhibition‐Resistant DNase I, or AIR‐DNase, by chemically modifying the enzyme. AIR‐DNase is Protalix\'s proprietary, chemically‐modified plant cell‐expressed recombinant human DNase I, produced in tobacco BY2 cells, and is under development for the treatment of patients with cystic fibrosis, to be administered by inhalation.

In vitro and ex vivo studies have shown that AIR‐DNase is biologically active, while it exhibits resistance to inhibition by actin in the relevant concentrations. Comparative ex vivo efficacy studies between AIR‐DNase I and dornase alfa, a commercially available DNase I produced in CHO cells, show greater efficiency by reducing viscoelasticity and DNA content of CF sputa compared to dornase alfa product. Thus, AIR‐DNase has the potential to be a recombinant DNase I preparation with superior activity for treating CF patients based on the chemical modification designed to enhance the enzyme\'s efficacy in CF patients\' sputa. This novel treatment may result in an improved lung function and decreased incidence of recurrent infections in patients.

The toxicology studies to support proof of concept studies have been completed, clinical trials in healthy volunteers were completed, patients\' clinical trials are planned to initiate during second half of 2016.
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**PERINATAL STEM CELLS AS AN ANTI‐INFLAMMATORY TREATMENT FOR LUNG DISEASE**

[Khoury, O.]{.ul} ^1^; Tan, J.^2^; Jackson, J.^1^; Lim, R.^2^; Wallace, E.^2^; Atala, A.^1^; Murphy, S.^1^ *1. Wake Forest Institute of Regenerative Medicine, Wake Forest University, Winston‐Salem, NC, USA* *; 2. The Ritchie Centre, Monash Institute of Medical Research, Monash University, Clayton, VIC, Australia*

**Background:** High levels of inflammation are associated with chronic inflammatory and immune mediated conditions such as CF. CF is associated with exaggerated and prolonged inflammation in the lungs, which contributes to lung injury, fibrosis and loss of lung function. When pulmonary infection is apparent in the CF airways, the adaptive and innate immune response is disproportionate and dysregulated. Even in the absence of clinically apparent infection there is often evidence of inflammation in the CF airways. CF patients show elevated levels of neutrophils in the lung, which have increased neutrophil elastase and myeloperoxidase activity. CF macrophages display spontaneous and exaggerated pulmonary infiltration, and are polarized into the M1 pro‐inflammatory phenotype and to a lesser extent into the M2 anti‐inflammatory phenotype. Cells of the adaptive immune system, such as T lymphocytes are more abundant in CF airways and produce high levels of inflammatory cytokines. Additionally an imbalance of T lymphocyte subsets may have an important role in the CF inflammatory response. Therapeutic regimens for CF generally involve management of symptoms in an attempt to slow the progression of the disease. However, it is the repeated cycles of inflammation, injury and fibrosis that cause the chronic, life‐threatening manifestations that ultimately lead to respiratory failure. Thus, therapies that can target this inflammatory environment and disrupt the destructive cycle of infection, inflammation and fibrosis would have a major impact in preventing the progression of lung disease. Perinatal stem cells have anti‐inflammatory properties that make them a promising cell therapeutic approach for treating CF.

**Hypothesis:** We hypothesize that perinatal stem cells are capable of modulating the chronic hyper‐inflammatory environment of the CF lung.

**Methods:** Perinatal stem cells were administered to a mouse model of bleomycin‐induced lung injury, inflammation and fibrosis 24 hours after injury. Pulmonary inflammation was evaluated 7 days post injury and pulmonary fibrosis 14 days post injury. To evaluate the anti‐inflammatory effects of perinatal stem cells on human immune cells, peripheral blood was collected from human cystic fibrosis and non‐cystic fibrosis subjects and a series of in vitro immune function assays were performed. Immune cells were isolated from blood samples using an "untouched" magnetic negative isolation and stimulated with antigens to mimic inflammation in vitro. The effect of perinatal cells was tested on lymphocyte proliferation, neutrophil migration and neutrophil enzymatic activity, including myeloperoxidase (MPO) and elastase (NE).

**Results:** Perinatal stem cells significantly reduced neutrophil and macrophage pulmonary migration into the lungs of the bleomycin‐injured mouse, and prevented pulmonary fibrosis and loss of lung function. In human samples, administration of perinatal stem cells inhibited lymphocyte proliferation and attenuated neutrophil enzymatic activity.

**Conclusions:** These preliminary data suggest that perinatal stem cell therapy may be a useful immune‐modulatory therapy for CF.
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**OMALIZUMAB IN ALLERGIC BRONCHOPULMONARY ASPERGILLOSIS IN PATIENTS WITH CYSTIC FIBROSIS**

[Ashkenazi, M.]{.ul} ^1^; Sity, S.^1^; De Boeck, C.^2^; Efrati, O.^1^ *1. Sheba Medical Center, Ganey Tikva, Israel* *; 2. University of Leuven, Leuven, Belgium*

**Introduction:** Allergic bronchopulmonary aspergillosis (ABPA) is a common condition in patients with cystic fibrosis (CF) and asthma, characterized by Th2 response, elevated serum eosinophilia and increased total serum IgE. ABPA occurs in 2--25% of patients with CF. Omalizumab is a humanized recombinant monoclonal antibody targeting the high‐affinity Fc receptor of IgE and prevents binding of IgE to the immune effector cells mediating inflammation and the hypersensitive response. The aim of our study was to explore the effectiveness of omalizumab to treat ABPA in patients with CF.

**Methods:** A retrospective study was performed in 3 CF centers, 2 in Israel and 1 in Belgium. Inclusion criteria were CF patients with pathologic sweat test and proven 2 mutations. Diagnosis of ABPA was given according to the established criteria. The chosen main outcome parameters were: FEV~1~, BMI, pulmonary exacerbations (PEx) and steroid‐sparing effect. Measurements were taken from the last visit before starting treatment as pretreatment and from the last visit on treatment or first visit after stopping the treatment as posttreatment.

**Results:** We describe 9 patients, 6 males and 3 females; 5 from Israel and 4 from Belgium; average age 23 ± 9 years. 8 patients have 2 mutations from class I or II. Cystic fibrosis‐related diabetes (CFRD) was confirmed in 7/9 patients. The average treatment time with omalizumab was 13.9 ± 8.6 months. When comparing pre‐ and post‐treatment FEV~1~, only 1 showed an improvement, 4 patients had a stable FEV~1~ and 4 (all with CFRD) had a decrease with mean drop of ‐22.75% pred. None of the females\' lung function deteriorated (OR= 0.08, CI 0.002‐2.24, NS). Reduction in BMI was recorded in 4 patients, 3 were stable and 2 improved. During treatment, patients experienced a mean of 4 PEx per patient or 0.288 PEx per month of treatment. Females experienced on average 2 PEx and males 5 per patient. Steroid dosage could not be reduced during treatment peroid in any of the patients. Posttreatment IgE levels decreased in 6 patients and increased in 3. None of those with reduced IgE levels showed improvement in any of the outcome parameters; those with elevated levels had better outcome and had no PEx.

**Conclusions:** Patients with ABPA treated with omalizumab did not seem to derive benefit on any of the 4 parameters evaluated. Omalizumab did not seem to improve the course of ABPA. PEx rate was higher than expected. In this small series CFRD and male gender seemed to be associated with a worse ABPA disease course. We conclude decrease in serum IgE during omalizumab treatment was not associated with clinical improvement. Further studies are needed to determine the role of omalizumab in ABPA.
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**STANDARDIZATION OF TRAINING AND CERTIFICATION FOR MULTIPLE BREATH WASHOUT OPERATORS PARTICIPATING IN INTERVENTIONAL STUDIES FOR CYSTIC FIBROSIS PATIENTS**

[Isaac, S.M.]{.ul} ^1^; Jensen, R.^1^; Stanojevic, S.^1,2^; Ratjen, F.^1,2^ *1. Division of Respiratory Medicine, The Hospital for Sick Children, Toronto, ON, Canada* *; 2. University of Toronto, Toronto, ON, Canada*

**Background:** The multiple breath washout (MBW) test has advantages over traditional lung function tests, especially for young children with cystic fibrosis (CF). While the MBW test does not require active cooperation from subjects, accurate interpretation of MBW outcomes requires technically correct test performance. To facilitate a standardized approach to the measurement and interpretation of MBW outcomes, MBW core centers have been developed. These MBW centers provide standardized training and certification of MBW operators, supportive feedback, as well as central over‐reading of MBW data collected for interventional studies. Here we summarize the experience of the MBW center in Toronto.

**Methods:** All three regional MBW centers have aligned training and certification protocols to complement the standardized operating procedure for the Exhalyzer D (EcoMedics AG, Duernten, Switzerland) MBW device (Jensen R, et al. PLoS. 2013;8:e56868). The current prerequisite to become a certified MBW operator to collect data for interventional studies requires attendance at a 2‐day hands‐on training, as well as 80% success rate for certification tests, to demonstrate competency in testing. To evaluate the success of the training and certification program with respect to interventional study data, the proportion of acceptable tests was calculated by aggregating results for all sites and all interventional studies.

**Results:** To date, 138 operators from 48 sites have attended one of 16 two‐day training session in Toronto. 87 participants from 36 sites have been trained in both school age (6+ years) and preschool (3‐6 years) MBW testing. 99% of trainees who have submitted certification tests, have successfully completed the certification process for MBW testing in children 6 years and older. Similarly, 92% have been successfully certified for preschool testing. Currently, the Toronto MBW center is reviewing study data from 7 interventional studies; 1660 test occasions have been analyzed to date. Overall, 80.6% of all reviewed MBW tests have been classified as technically acceptable. There was a significant improvement between the success rate of the first study visit (68.6%) and subsequent study visits ((87.2%); p \< 0.001) across studies.

**Conclusions:** Overall, the established training and certification protocol has led to a high MBW test success rate for interventional studies. The \>80% MBW success rate is comparable to published feasibility data reported for experienced MBW research centers. Continuous feedback from MBW operators will provide further insight into additional training needs.
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**PEDIATRIC TRIALS IN ANTIBACTERIAL DRUG DEVELOPMENT: FINDINGS FROM THE CLINICAL TRIALS TRANSFORMATION INITIATIVE PROJECT**

[Gamel, B.]{.ul}; Roberts, J. *Clinical Trials Transformation Initiative of the Duke Clinical Research Institute, Duke University, Durham, TX, USA*

**Background:** Chronic pulmonary infections are linked to poor health and high mortality in patients with cystic fibrosis. Treatment of chronic pulmonary infections is negatively impacted by the rise of antibiotic‐resistant infections and limited antibiotic treatment options. Designing trials and establishing antibiotic dosage in children and neonates with cystic fibrosis is additionally challenging: estimating a dose regimen for children based solely on adult pharmacokinetics often results in inappropriate dosing of children. Clinical trials in children are difficult to complete because of limited available patients, ethical challenges, and limited number of capable investigators.

**Objective:** Identify operational challenges in conducting PABD trials.

**Design/Methods:** We conducted 2 online surveys, one of 87 PABD trial investigators and another of 136 community providers (CP). We also conducted qualitative interviews with 24 parents of children who were invited to participate in clinical research and 12 industry representatives affiliated with PABD trials. Lastly, using the Aggregate Analysis of <http://ClinicalTrials.gov> (AACT) database, we identified the number and characteristics of pediatric antibiotic drug trials registered in <http://ClinicalTrials.gov> from 2007‐2012.

**Results:** Many investigators and CPs said parents were concerned with aspects of clinical research, particularly the number of blood draws and invasive procedures, potential side effects, use of experimental drugs, and logistics. Among parents of newborns, concerns were expressed about being contacted about research too soon after birth or by research staff who were unfamiliar with their child\'s care. Investigators indicated that having an adequate research administration infrastructure was key to successful trial implementation. PABD trials represented only 0.9% (n=68) of the cohort of interventional and observational pediatric trials (n=7175). PABD trials focused primarily on infections such as otitis media (15/68, 22%) and pneumonia (14/68, 21%). Only 17 (25%) of trials accepted neonates.

**Conclusions:** Development of recommendations to improve the efficiency of PABD trials depends on identifying the challenges faced by all stakeholders. Our results elucidate the need to change so the benefits and risks of a child\'s participation in research is better communicated to parents and underscores the importance of improving the clinical trial infrastructure. Draft considerations for trial design change will be presented. Draft considerations may include the need to address parent and provider concerns with less burdensome trial designs, the significance of provider support of a clinical trial, and sensitivity training for approaching parents of medically compromised children.
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**MMP9 INACTIVATES α1‐ANTITRYPSIN**

[Greenstein, A.E.]{.ul}; Velasquez, M.; Smith, V.; Gossage, D. *Biology, Gilead Sciences, Foster City, CA, USA*

**Objective:** Identify potential impact of GS‐5745, a specific inhibitor of MMP9, on α1‐antitrypsin inactivation and downstream HNE activity.

**Introduction:** MMP9 and neutrophil elastase have been implicated in pathological processes in multiple lung diseases, including cystic fibrosis. Neutrophil elastase is inhibited by α1‐antitrypsin, and genetic α1‐antitrypsin deficiency leads to impaired airway function.

**Methods:** Purified MMP9, α1‐antitrypsin, and HNE were characterized in vitro, and levels/activity of these three proteins were compared in lung tissue lysates from CF or non‐CF patients. α1‐antitrypsin cleavage was also assessed in CF patient sputa.

**Results:** Our analysis revealed that MMP9 efficiently proteolyzed α1‐antitrypsin in vitro and the resulting proteolyzed α1‐antitrypsin was incapable of inhibiting neutrophil elastase. GS‐5745, a monoclonal antibody that specifically inhibits MMP9, blocked α1‐antitrypsin inactivation by MMP9 in vitro. Using newly developed activity assays, we found that MMP9 and neutrophil elastase activities are both elevated in human lung tissue from cystic fibrosis patients as compared to non‐CF controls. α1‐antitrypsin species consistent with native and MMP9‐cleaved forms were detected in human lung tissue, while only the species consistent with MMP9‐cleaved α1‐antitrypsin was detected in sputum from CF patients. In the small (n=25) set of human lung tissues analyzed, MMP9 activity correlated with α1‐antitrypsin cleavage (Spearman\'s r~s~= 0.81). Elastase activity correlated with α1‐antitrypsin cleavage (Spearman\'s r~s~= 0.80). MMP9 activity also correlated with elastase activity (Spearman\'s r~s~= 0.66), consistent with the hypothesis that MMP9 activity inactivates α1‐antitrypsin.

**Conclusions:** While MMP9 is not the only protease reportedly capable of inactivating α1‐antitrypsin, the activity of MMP9 in CF lung tissue is correlated with the degree of α1‐antitrypsin cleavage. Together these findings support the hypothesis that GS‐5745 may partially restore α1‐antitrypsin function via inhibition of MMP9.
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**GS‐5745, AN ANTIBODY INHIBITOR OF MMP9, IS FUNCTIONAL IN PRESENCE OF HUMAN NEUTROPHIL ELASTASE IN CYSTIC FIBROSIS SPUTA**

Sarkar, N.^1^; [Greenstein, A.E.]{.ul} ^1^; Xu, X.^2^; Lal, P.^1^; Li, J.^2^; Smith, V.^1^; Gossage, D.^1^; Gaggar, A.^2^ *1. Biology, Gilead Sciences, Foster City, CA, USA* *; 2. University of Alabama at Birmingham, Birmingham, AL, USA*

**Objective:** To determine the impact of human neutrophil elastase (HNE) in cystic fibrosis (CF) patient sputa on degradation and function of GS‐5745.

**Introduction**: GS‐5745 is a humanized monoclonal IgG4 antibody that is a selective and potent allosteric inhibitor of pro‐ and active‐MMP9. MMP9 is a member of zinc‐dependent endopeptidase that degrades extracellular matrix (ECM) during inflammation and wound healing. Increased levels of MMP9 have been observed in the sputa of CF subjects and is considered an important mediator in the pathogenesis of CF. Inhibition of MMP9 activity by GS‐5745 thus has the potential to be beneficial for CF subjects. Multiple proteases, including HNE, are reported to be elevated in CF sputa and can digest IgG1. (1) In vitro experiments were performed to determine the stability and function of GS‐5745 in CF sputa in the proteolytic‐rich environment found in the CF airway.

**Methods:** GS‐5745 was incubated for up to 23 hours at 37°C with sputa from CF patients, or purified recombinant HNE, in vitro. Postincubation samples were tested to assess the ability of GS‐5745 to bind to MMP‐9 and its ability to inhibit MMP9 catalysis using peptide proteolysis assay.

**Results:** GS‐5745 was minimally degraded in the presence of CF sputum and recombinant HNE. The digestion resulted in specific molecular weight fragments corresponding to reported digestion at the hinge region, possibly leaving the Fab intact. GS‐5745 also did not lose its ability to bind MMP9 or inhibit MMP9 catalysis in CF sputum in the presence of endogenous and spiked HNE

**Conclusions:** These data suggest GS‐5745 is fully functional in its ability to bind MMP9 as well as inhibit MMP9 in the presence of endogenous as well as spiked HNE in CF sputa.

**Reference:**

1\. Sloane AJ, et al. Am J Respir Crit Care Med. 2005;172:1416‐26.
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**MOUNTAIN WEST CF CONSORTIUM SPUTUM BIOMARKER STUDY**

[Liou, T.G.]{.ul} ^1^; Adler, F.R.^1^; Brown, P.^3^; Chatfield, B.A.^1^; Clancy, J.P.^5^; Cox, D.R.^8^; Daines, C.^6^; Elborn, J.S.^7^; Emmett, P.^9^; Francis, J.^1^; Jensen, J.L.^1^; Heynekamp, T.R.^10^; Keogh, R.H.^11^; Lechtzin, N.^12^; Li, Y.^1^; Lysinger, J.^4^; Nakamura, C.^2^; Olivier, K.N.^13^; Packer, K.A.^1^; Quittner, A.L.^14^; Radford, P.^15^; Szczesniak, R.D.^5^; Taylor‐Cousar, J.L.^16^; Vroom, J.^1^; Sagel, S.D.^17,18^ *1. U of Utah, Salt Lake City, UT, USA* *; 2. Las Vegas CF Center, Las Vegas, NV, USA* *; 3. CF Center of Idaho, Boise, ID, USA* *; 4. Billings Clinic, Billings, MT, USA* *; 5. U of Cincinnati, Cincinnati, OH, USA* *; 6. U of Arizona, Tucson, AZ, USA* *; 7. Queen\'s U, Belfast, United Kingdom* *; 8. Nuffield College, Oxford, United Kingdom* *; 9. U of Colorado, Aurora, CO, USA* *; 10. U of New Mexico, Albuquerque, NM, USA* *; 11. London School of Hygiene and Tropical Medicine, London, United Kingdom* *; 12. Johns Hopkins U, Baltimore, MD, USA* *; 13. NIH/NHLBI, Bethesda, MD, USA* *; 14. U Miami, Miami, FL, USA* *; 15. Phoenix Children\'s Hospital, Phoenix, AZ, USA* *; 16. National Jewish Health, Denver, CO, USA* *; 17. U of Colorado, Aurora, CO, USA* *; 18. Children\'s Hospital Colorado, Aurora, CO, USA*

**Background:** Chronic airway infection creates intense inflammation that drives CF airway disease. Acute pulmonary exacerbations (APE) punctuate the disease course and cause stepwise decreases in lung function. Biomarkers of inflammation may quantify disease status, provide new predictors of disease outcomes and survival and more precisely and accurately report the results of investigational therapies. We designed a study to identify biomarkers of CF airway disease in patients representative of the national population.

**Study Design:** Randomized prospective observational cohort study of patients with CF who produce sputum.

**Methods:** After IRB approvals, we randomly selected and recruited patients ≥12 years of age that expectorate sputum from accredited CF centers in Arizona, Colorado, Idaho, Montana, Nevada, New Mexico, Wyoming. Randomization of stable patients reduced seasonal, center‐specific and high‐acuity‐specific biases. We collect sputum and use REDCap to record clinical data at enrollment, APE, APE follow‐up and stable follow‐up visits. We report summary statistics of patients recruited during the 1‐year enrollment period.

**Results:** We successfully recruited 115 patients. Comparisons between our patients and those in the CF Foundation Patient Registry (CFFPR) for 2011 that produce sputum showed that counts and measurements of gender, age, percent‐predicted FEV~1~, weight‐for‐age *z*‐score, height, pancreatic sufficiency, diabetes and cultures of *Staphylococcus aureus, Pseudomonas aeruginosa* and *Burkholderia cepacia* complex were not significantly different. Mountain West patients had fewer infections with methicillin‐resistant *S aureus* (MRSA, 18% vs 30%, *p*\<0.01), more APE (1.6 vs 0.9 per year, *p*\<0.001) and received more treatments with inhaled aztreonam, azithromycin, hypertonic saline and dornase alpha (all *p*\<0.001) but not inhaled tobramycin (*p*=0.52).

**Conclusions:** Randomized patient recruitment produced a study cohort representative of the US CF population. Mountain West CF providers may be more aggressive with treatments, but confirmation using more recent CFFPR data are needed. Current interpretations of associations between clinical aspects of disease and future conclusions from biomarker discoveries will be securely generalizable to all CF patients that produce sputum.

**Acknowledgments:** Great thanks to the MWCFC research coordinators: N Argel,^15^ D Durham,^3^ B Glover,^2^ C Kopecky,^18^ O Molina,^6^ K Poch,^16^ A Redway,^10^ S Sprandel,^4^ M Varela,^6^ R Yoshikawa.^2^ **Funding:** CF Foundation (LIOU13A0).
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**COMPARISONS OF THE ORIGINAL, EXPANDED, AND MODIFIED FUCHS EXACERBATION DEFINITIONS IN ASSESSING ATALUREN‐ASSOCIATED EXACERBATION BENEFITS IN CYSTIC FIBROSIS PATIENTS WITH A ***CFTR*** NONSENSE MUTATION NOT RECEIVING CHRONIC INHALED AMINOGLYCOSIDE THERAPY**

[McIntosh, J.]{.ul} ^1^; VanDevanter, D.R.^2^ *1. PTC Therapeutics, South Plainfield, NJ, USA* *; 2. Case Western Reserve University School of Medicine, Cleveland, OH, USA*

**Introduction:** The Fuchs cystic fibrosis (CF) pulmonary exacerbation definition (Fuchs HJ, et al. N Engl J Med. 1994;331:637‐42) consists of intravenous (IV) antibiotic administration in the presence of ≥4 of 12 respiratory signs and symptoms (increased cough; change in sputum; 10% FEV~1~ decline, etc). Changes in health demographics and treatment thresholds since publication of the Fuchs definition, and changes in the demographics of patients volunteering for CF clinical trials, have resulted in an overall reduction in use of IV antibiotic treatments for exacerbations in clinical trials. Both the expanded and modified Fuchs exacerbation definitions have been developed in response to these changes. The expanded definition differs from the original in that any oral, inhaled, and/or IV antibiotics may be used in response to the presence of ≥4 signs and symptoms, and the modified Fuchs definition requires only the presence of ≥4 Fuchs signs and symptoms, irrespective of treatment. Although these three definitions have been employed in various studies, they are seldom, if ever, compared within a single study. We have compared ataluren‐associated reductions in exacerbation incidence using the three different Fuchs exacerbation definitions.

**Methods:** A phase 3, randomized, double‐blind, placebo‐controlled study of the effect of ataluren on %‐predicted FEV~1~ and exacerbations was conducted among patients carrying a *CFTR* nonsense mutation. Post hoc comparisons of ataluren‐associated changes in exacerbation incidence as a function of the three Fuchs definitions among patients not concomitantly receiving inhaled aminoglycosides were conducted.

**Results:** In patients not receiving chronic inhaled aminoglycosides, a 35--40% reduction in 48‐week exacerbation rates was observed for patients receiving ataluren vs those receiving placebo, irrespective of Fuchs definition used (Table). This ataluren‐associated clinical benefit was found to be statistically significant when using the expanded and modified Fuchs definitions, but not the original Fuchs definition.

**Conclusions:** Differences in the utility of the three Fuchs exacerbation definitions are clearly demonstrated in these analyses. Point estimates for ataluren‐associated reductions in exacerbation rate in the population analyzed were comparable across all three exacerbation definitions (rate reduction range 35--40%). Statistical significance was shown with the expanded and modified Fuchs definitions due to the higher frequency of these events (in this case, averaging \>1 event per patient) but not with the original Fuchs definition, which had much lower frequency (averaging \<0.25 event per patient).
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**DEVELOPMENT OF A PROTEASETAG® LATERAL FLOW DEVICE FOR DETECTION OF ACTIVE NEUTROPHIL ELASTASE IN THE CLINIC**

[McCafferty, D.]{.ul} ^1,2^; Robb, C.^1,2^; Ferguson, T.^1,2^; Moffitt, K.^1,2^; Walker, B.^2^; Martin, S.L.^1,2^ *1. Queen\'s University, Belfast, United Kingdom* *; 2. ProAxsis Ltd, Belfast, United Kingdom*

**Introduction:** Neutrophil elastase (NE) levels are frequently elevated in cystic fibrosis (CF) sputum and correlate with inflammatory markers and measurements of lung impairment such as decreased FEV~1~. NE is therefore considered a potential biomarker of exacerbation however no tools are available to monitor protease levels at home or in the clinic. The routine monitoring/measurement of NE in sputum could assist the proactive management of CF patients by identifying early signs of exacerbation which could facilitate pre‐emptive medical intervention to avoid potentially serious complications. ProAxsis has developed an activity‐based immunoassay (ABI) for NE quantification that incorporates a ProteaseTag® molecule capable of the rapid and selective binding of active NE. The translation of this ProteaseTag® technology to a point of care (POC) test, in the form of a lateral flow device (LFD), should provide a valuable tool to monitor disease activity.

**Aim:** To develop and validate a prototype LFD that can rapidly detect active NE in airways samples.

**Methods:** Experiments were performed using a prototype LFD, composed of conjugate pad containing the detector component; with appropriate test and control reagents striped onto nitrocellulose membrane. CF Sol/NE‐Tag/running buffer were transferred sequentially to the reaction tube (total volume 100 μL), and left to stand for 15 minutes; after which signal intensity was scored between 0‐10. Other closely related proteases ie, cathepsin G (CATG), human airways trypsin (HAT), were also examined to evaluate assay specificity.

**Results:** Following initial quantification using the ABI, ProteaseTag® Active NE Immunoassay (ProAxsis Ltd), a subset of CF sol samples containing differing levels of active NE, were selected for inclusion in the study. LFD analysis revealed an excellent correlation between these two assay platforms; with a signal for NE, detectable in less than 60 seconds. The assay was also found to be highly sensitive with a positive signal noted for biological samples containing ˜90 ng/mL of active NE. Specificity analysis revealed negligible cross‐reactivity upon testing with proteases such as CATG and HAT.

**Conclusion:** The development of a highly sensitive and specific LFD for rapid detection of active NE in complex clinical samples could prove to be a vital tool in CF management; on account of this device\'s capacity to measure NE, an established biomarker of infection. It is anticipated that a positive test would prompt such individuals to seek medical attention, to mitigate their risk of exacerbation leading to hospitalisation.
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**NE ULTRA -- A NOVEL PROTEASETAG^®^ FOR THE INHIBITION AND DETECTION OF NEUTROPHIL ELASTASE IN BIOLOGICAL SAMPLES**

[Ferguson, T.]{.ul} ^2,1^; Robb, C.^2,1^; Moffitt, K.^2,1^; Martin, S.L.^2,1^; McCafferty, D.^2,1^; Walker, B.^1^ *1. ProAxsis Ltd, Belfast, United Kingdom* *; 2. Queen\'s University Belfast, Belfast, United Kingdom*

**Introduction:** Neutrophil elastase (NE) is a serine protease released from the azurophilic granules in leukocytes (or neutrophils). Its primary role is to assist in the proteolytic breakdown and destruction of phagocytosed foreign pathogens as part of the normal immune response. However, secreted active NE has been implicated in contributing to a range of inflammatory disorders including rheumatoid arthritis, chronic obstructive pulmonary disease (COPD) and cystic fibrosis (CF). ProAxsis has developed a range of ProteaseTags^®^ which are able to rapidly and selectively bind to active proteases. The incorporation of such ProteaseTags^®^ within activity‐dependent immunoassays enables the quantification of active proteases within biological samples and has resulted in the recent commercialisation of our ProteaseTag^®^ Active Neutrophil Elastase Immunoassay.

**Aims:** Here we report the application and benefits of NE Ultra, a novel biotinylated ProteaseTag^®^ targeting NE. Furthermore, we compare it with another commercially available irreversible NE inhibitor MeOSuc‐AAPV‐CH~2~Cl in terms of selectivity and stability.

**Methods:** Kinetic evaluation and selectivity profiling of NE Ultra and MeOSuc‐AAPV‐CH~2~Cl against NE and other proteases, including thrombin, cathepsin G, cathepsin B and chymotrypsin was determined by fluorogenic steady‐state enzyme assays. The stability of NE Ultra and MeOSuc‐AAPV‐CH~2~Cl was compared by overnight incubation in 10% (v/v) serum from CF patients, followed by an NE activity assay. Furthermore, the application of NE Ultra as an activity‐based probe (ABP) for the detection of NE in CF sol samples was carried out through SDS‐PAGE and electroblotting techniques.

**Results:** NE Ultra and MeOSuc‐AAPV‐CH~2~Cl showed excellent irreversible inhibition of NE with similar potency displaying k~3~/K~i~ values of 4.08 (± 1.84) x 10^6^ M^‐1^ min^‐1^ and 6.68 (± 1.62) x 10^6^ M^‐1^ min^‐1^, respectively. NE Ultra displayed excellent selectivity for NE, having no effect on the activity of other proteases including cathepsin G, thrombin and cathepsin B. In contrast, MeOSuc‐AAPV‐CH~2~Cl completely abrogated the activity of cathepsin B. In terms of stability, following overnight incubation both NE Ultra and MeOSuc‐AAPV‐CH~2~Cl displayed inhibitory action against NE, however, MeOSuc‐AAPV‐CH~2~Cl showed a slight reduction in potency suggesting a lower stability in biological samples. When NE Ultra was examined as an ABP, it enabled streptavidin‐mediated detection of NE in CF sol samples, following separation and detection *via* SDS‐PAGE and electroblotting.

**Conclusion:** We report the application of a novel ProteaseTag^®^, NE Ultra, as an irreversible inhibitor and potent ABP for NE. This affinity label has a number of advantages over other commercially available irreversible NE inhibitors such as MeOSuc‐AAPV‐CH~2~Cl, in terms of improvements in stability and selectivity as well as the ability to visualise active NE in clinical samples, when used in combination with a streptavidin‐conjugate. NE Ultra has therefore the potential for broad application across laboratory‐based CF research.
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**PILOT STUDY OF INHALED SODIUM BICARBONATE: SAFETY AND PH CHANGES AFTER 1‐2 DOSES**

[Lennox, A.]{.ul}; Brown, S.; Corcoran, T.E.; Myerburg, M.M.; Pilewski, J.M. *Pulmonary and Critical Care, Univ of Pittsburgh, Pittsburgh, PA, USA*

**Background:** CF is caused by mutations in the cystic fibrosis transmembrane conductance regulator (CFTR), an ion channel that regulates the airway surface liquid (ASL). In the current paradigm, the absence of functional CFTR leads to a decreased ASL pH (Coakley RD, et al. PNAS. 2003;100:16083‐8) and reduces ciliary beat frequency (Clary‐Meinesz C, et al. ERJ. 1998;11:330‐3), increases mucus viscosity (Matsui H, et al. JCI. 1998;102:1125‐31), and impairs innate immunity (Pezzulo AA, et al. Nature. 2012;487:109‐13). We hypothesize that nebulized NaHCO~3~ will restore ASL pH and improve airway function in CF. The objective of this study is to evaluate the safety and tolerability of inhaled NaHCO~3~ as assessed by pulmonary function and effects on the airway pH in patients with CF.

**Methods:** *Part 1: Safety and tolerability*. Individuals with CF received nebulized NaHCO~3~ at concentrations of 1.5, 3.375, or 5%. Spirometry and cough frequency was measured pre/post nebulization.

*Part 2: Effects of inhaled NaHCO* ~*3*~. A randomized, double‐blind, cross‐over study was conducted to compare the effects of hypertonic NaHCO~3~ to hypertonic saline. Individuals with CF received 2 nebulized doses of 8.4% NaHCO~3~ or 7% saline separated by 4 hours. Spirometry, exhaled breath condensate (EBC) pH, and sputum pH were measured. Patients returned 15 days later to receive the alternative solution.

Study protocols were approved by the Institutional Review Board at the University of Pittsburgh.

**Results:** *Part 1*. Patients nebulized 1.5% (n=16), 3.375% (n=6), and 5% (n=5) NaHCO~3~. One patient with a history of reactive airways was unable to complete the 3.375% NaHCO~3~ inhalation due to dyspnea and chest tightness that was relieved with albuterol. Mean FEV~1~ was not significantly changed after inhaled NaHCO~3~ (mean ΔFEV~1~ ‐4.4±1.04%, range +7 to ‐15%, n=27). As previously reported, there was a nonsignificant trend of increased cough with increasing NaHCO~3~ concentration.

*Part 2*. All patients tolerated inhalations of NaHCO~3~ and hypertonic saline (n=10). NaHCO~3~ was associated with a decrease in FEV~1~ after one dose (mean ΔFEV~1~ ‐6.0±5.5%, range +2.5 to ‐15.9%, n=10, p=0.008). 3 subjects had a decrease of \>10% in FEV~1~. FEV~1~ did not statistically change after saline (mean ΔFEV~1~ ‐2.6±11.8%, range ‐17.4 to 30.3%, n=10, p=0.46). FEV~1~ decreased \>15% in one patient in each group.

Not all patients were able to produce sufficient sputum for analysis. No statistically significant changes were noted in the pH of EBC or sputum after 2 doses. NaHCO~3~: EBC pH +0.50±1.4 (n=9, p=0.31) and sputum pH +0.45±0.51 (n=5, p=0.12). Saline: EBC pH ‐0.15±1.2 (n=7, p=0.76) and sputum pH ‐0.13±0.14 (n=5, p=0.09). All p values reported were by paired t‐test.

**Discussion:** We have shown that acute nebulized 1.5‐8.4% NaHCO~3~ is safe and well tolerated in individuals with CF. Only 1 of 37 patients discontinued administration due to bronchospasm. NaHCO~3~ inhalation was associated with a decrease in FEV~1~, similar to what has been observed with other inhaled hypertonic agents (Robinson M, et al. ERJ. 1999;14:678‐85). The low sample size limited our ability to definitively assess changes in EBC and sputum pH. Further investigations are necessary to assess whether long‐term inhaled NaHCO~3~ improves lung function in CF.
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**RPTOR, A NOVEL TARGET OF MICRORNA‐155, REGULATES THE FIBROTIC PHENOTYPE OF CYSTIC FIBROSIS LUNG EPITHELIUM THROUGH UP‐REGULATION OF CTGF**

Tsuchiya, M.^1^; Kalurupalle, S.^1^; Kumar, P.^1^; Ghoshal, S.^1^; Zhang, Y.^2^; Lehrmann, E.^2^; Becker, K.^2^; Gorospe, M.^2^; [Biswas, R.]{.ul} ^1^ *1. Anatomy, Physiology and Genetics, USUHS, Bethesda, MD, USA* *; 2. Laboratory of Genetics, National Institute on Aging, NIH, Baltimore, MD, USA*

Cystic fibrosis (CF) is caused by mutations in the cystic fibrosis transmembrane conductance regulator (*CFTR*) gene, the most frequent of which is F508del‐*CFTR*. CF is characterized by hyper‐secretion of proinflammatory chemokines into the airway lumen. Consequently this induces the highly inflammatory cellular phenotype typical of CF, and subsequent fibrosis causing airway destruction, leading to morbidity and mortality. We have previously reported that miR‐155 is up‐regulated in cystic fibrosis lung epithelial cells. However, the molecular mechanism by which miR‐155 regulates the manifestations of the disease phenotype of CF is not well understood. Here we report that the regulatory associated protein of mTOR, complex 1 (RPTOR) is a novel target of miR‐155 in CF lung epithelial cells. The suppression of RPTOR expression and subsequent activation of TGF‐β signaling resulted in the induction of fibrosis by up‐regulation of connective tissue growth factor (CTGF) in CF lung epithelial cells. Thus, we propose that miR‐155 can regulate fibrosis of CF lungs through the RPTOR‐TGFβ‐CTGF axis. These mechanisms are potential targets for CF therapy.
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**PILOT EVALUATION OF THE CFTR POTENTIATOR IVACAFTOR FOR THE TREATMENT OF CHRONIC BRONCHITIS**

[Solomon, G.M.]{.ul}; Hathorne, H.; Liu, B.; Raju, S.V.; Reeves, G.; Acosta, E.P.; Dransfield, M.T.; Rowe, S.M. *University of Alabama at Birmingham, Birmingham, AL, USA*

**Background:** Like CF, chronic obstructive pulmonary disease (COPD) is characterized by small airway mucus obstruction that is associated with accelerated loss of lung function and mortality. Cigarette smoking causes reduced cystic fibrosis transmembrane conductance regulator (CFTR) activity and enhanced mucus expression, leading to impaired mucociliary clearance. Patients with COPD without CFTR mutations have reduced CFTR activity that is independently associated with chronic bronchitis. The CFTR potentiator, ivacaftor, is approved for CF and also augments the function of wild‐type CFTR, including airway epithelium with acquired CFTR dysfunction. To test whether CFTR potentiation might be helpful in COPD, we conducted a pilot study to determine the safety, efficacy, and pharmacokinetics of ivacaftor in COPD patients with chronic bronchitis.

**Methods:** Twelve active or former smokers with COPD and chronic bronchitis were enrolled in a double‐blind, randomized, placebo‐controlled pilot trial to investigate the effect of ivacaftor on CFTR function, patient‐reported outcomes of bronchitis symptoms, and ivacaftor pharmacokinetics after 14 days of treatment and prepare for subsequent studies.

**Results:** Patients were randomized in a 2:1 fashion (ivacaftor:placebo). Baseline characteristics were well‐matched between the arms, although mean sweat chloride was lower than anticipated. Ivacaftor was well‐tolerated and no serious adverse events were attributed to study drug. After 14 days of treatment, patients receiving ivacaftor exhibited nonsignificant improvements in CFTR function as detected by improved sweat chloride (‐8.0 ± 4.4 mmol/L ivacaftor vs. ‐2.0 ± 1.5mmol/L placebo, compared to baseline, ±SD, P=0.38) and nasal potential difference (‐4.9 ± 3.9 mV ivacaftor group vs. +1.0 ± 6.4 mV placebo, compared to baseline, P=0.56). Subjects receiving ivacaftor had nonsignificant improvements in symptoms detected by the Breathlessness, Cough, and Sputum Scale (BCSS) that exceeded the MCID of 1 unit (mean change of ‐2.1 ± 0.9 ivacaftor vs +2.0 ± 2.2 placebo, compared to baseline, p=0.11). Subjects with diminished CFTR function at baseline had the most robust response. There was no meaningful change in spirometry. Pharmacokinetics revealed stable ivacaftor levels with an AUC that mirrored experience in CF. All patients had complete CFTR sequencing to detect genetic CFTR defects. The largest responder in the ivacaftor group was a heterozygote for a synonymous CFTR variant.

**Conclusions:** Ivacaftor is safe and well‐tolerated in patients with COPD and exhibited predicted pharmacokinetics. There were nonsignificant improvements in CFTR activity and respiratory symptoms with ivacaftor treatment. The mean change in NPD and sweat chloride suggests improved wild‐type CFTR activity (˜20%). These results set the stage for longer trials to determine the effects of CFTR potentiation on clinical outcomes in patients with chronic bronchitis in an appropriately powered study enriched in patients with more profound CFTR dysfunction at baseline.

Supported by NIH.
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**BLOOD‐BASED BIOMARKERS TO PREDICT CF EXACERBATION TREATMENT RESPONSE**

[Roberts, J.M.]{.ul} ^1^; Le, A.^2^; Dai, D.^3^; Hollander, Z.^3^; Flores, E.^2^; Wilcox, P.^1^; Quon, B.S.^1^ *1. Centre for Heart Lung Innovation, St. Paul\'s Hospital, Vancouver, BC, Canada* *; 2. Pacific Lung Research Centre, St. Paul\'s Hospital, Vancouver, BC, Canada* *; 3. PROOF Centre of Excellence, Vancouver, BC, Canada*

**Background**: Pulmonary exacerbations (PEx) are common events that punctuate the clinical course of CF, and are associated with significant morbidity and mortality. At present, there is a paucity of markers to guide PEx management decisions. Early changes in clinical parameters such as symptoms and lung function are inadequate to discriminate treatment responders vs nonresponders leading to delays in the clinical recognition of treatment nonresponse.

**Objective**: To identify blood‐based biomarkers that change early in the course of PEx treatment and that are predictive of response to therapy.

**Methods**: 25 PEx from 22 adult CF patients hospitalized for intravenous (IV) antibiotics were included. Bedside spirometry, the CF respiratory symptom diary (CFRSD) and serum/plasma samples were collected within 24 hours of initiating IV antibiotic therapy (day 0), day 5, day 10, and treatment completion. Chronic respiratory infection symptom score (CRISS) was derived from the CFRSD. Three definitions of PEx treatment nonresponse were employed: 1) FEV1 definition ‐ \< 10% relative improvement in FEV1 from the beginning to end of treatment; 2) CRISS definition ‐ CRISS score decrease of less than the median (\< 23 points) from beginning to end of treatment; 3) composite definition ‐ defined as one or more of the following: failure of FEV1 % predicted to recover to 90% of best in prior 6 months by the end of antibiotic therapy, prolonged antibiotic therapy ≥ 21 days, or switch of antibiotics due to poor clinical response. Semi‐targeted proteomic analysis was performed on the plasma with multiple reaction monitoring ‐ mass spectrometry (MRM‐MS) and 92 unique proteins were measured. Mesoscale Discovery (Carlsbad, CA) was used to measure serum levels of four additional proteins (IL‐6, IL‐8, TNF‐alpha, calprotectin). Protein panel classifiers were created using elastic net and the classifier with the highest leave one out cross validation AUC was presented.

**Results**: Several blood proteins changed in abundance from beginning to end of exacerbation but few changed early (day 0 to 5) and were capable of discriminating between treatment responders vs nonresponders. A panel consisting of relative changes in monocyte differentiation antigen CD14 and heparin cofactor 2 levels demonstrated the best performance in predicting treatment nonresponse according to the FEV1 definition, with an AUC of 0.89 (Sn 100%, Sp 67%). A panel consisting of absolute changes in fibrinogen beta and gamma chain levels demonstrated the best performance in predicting treatment nonresponse according to the CRISS definition, with an AUC of 0.80 (Sn 100%, Sp 50%). No protein panels performed well at predicting treatment nonresponse according to the composite definition.

**Conclusion**: Using MRM‐MS and immunoassays, we identified several promising blood‐based protein panels that, when measured serially early in the course of a PEx, can be used to predict treatment nonresponse. Future studies are planned to validate these results.

**Funding Source:** CF Canada.
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*****SLC26A9*** MODULATES AIRWAY RESPONSE TO CFTR‐DIRECTED THERAPEUTICS**

[Strug, L.J.]{.ul} ^1^; Gonska, T.^1^; He, G.^1^; Keenan, K.^1^; Ip, W.^1^; Boelle, P.^2^; Lin, F.^1^; Panjwani, N.^1^; Gong, J.^1^; Li, W.^1^; Soave, D.^1^; Xiao, B.^1^; Tullis, E.^3^; Rabin, H.^4^; Parkins, M.^4^; Price, A.^5^; Zuberbuhler, P.^6^; Corvol, H.^2^; Ratjen, F.^1^; Sun, L.^7^; Bear, C.E.^1^; Rommens, J.M.^1^ *1. Research Institute, The Hospital for Sick Children, Toronto, ON, Canada* *; 2. Université Pierre et Marie Curie (UPMC), Sorbonne Universités, Paris, France* *; 3. Respiratory Medicine, St. Michael\'s Hospital, Toronto, ON, Canada* *; 4. Medicine, University of Calgary, Calgary, AB, Canada* *; 5. Paediatrics, London Health Sciences Centre, London, ON, Canada* *; 6. Paediatrics, University of Alberta, Edmonton, ON, Canada* *; 7. Statistical Sciences, University of Toronto, Toronto, ON, Canada*

**Background:** Cystic fibrosis (CF) is realizing the promise of personalized medicine. Recent advances in drug development that target CFTR directly result in lung function improvement, but variability in response is demanding better prediction of outcomes to improve management decisions. The genetic modifier *SLC26A9* contributes to disease severity in the CF pancreas and intestine at birth; here we assess its relationship with disease severity and therapeutic response in the CF lungs.

**Methods:** SLC26A9 association with lung disease severity was assessed in individuals from the Canadian and French CF Gene Modifier consortia with gating mutations and in those homozygous for Phe508del. Variability in response to a CFTR‐directed potentiator therapy, attributed to *SLC26A9* genotype, was then assessed in Canadian CF patients with gating mutations. Finally, primary airway cell cultures were used to determine if *SLC26A9* genotype displays differential modification of Phe508del CFTR function upon treatment with a CFTR corrector.

**Results:** In CF individuals with gating mutations that retain cell‐surface localized protein we show that *SLC26A9* modifies lung function while this is not the case in individuals homozygous for Phe508del where cell surface expression is lacking. Treatment response to ivacaftor, which improves channel opening probability in patients with gating mutations, shows substantial variability in response that can be explained by *SLC26A9* (p=0.0006). Notably, when homozygous Phe508del primary bronchial cells are treated with a drug to restore surface CFTR, *SLC26A9* likewise modifies treatment response (p=0.02).

**Summary:** Our findings indicate that SLC26A9 airway modification requires CFTR at the cell surface, and that common variation at *SLC26A9* could predict response to CFTR‐directed therapeutics.
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**EFFECTS OF AN ANTIOXIDANT‐ENRICHED MULTIVITAMIN SUPPLEMENT ON INFLAMMATION AND OXIDATIVE STRESS IN CF**

[Sagel, S.D.]{.ul} ^1^; Baines, A.^2^; Abdulhamid, I.^3^; Borowitz, D.^4^; Clancy, J.P.^5^; Daines, C.^6^; Dunitz, J.M.^7^; Graff, G.R.^8^; Jain, R.^9^; Livingston, F.^10^; McCoy, K.S.^11^; Noe, J.^12^; Orenstein, D.M.^13^; Rock, M.J.^14^; Slovis, B.S.^15^; Strausbaugh, S.^16^; Khan, U.^2^ *1. U Colorado, Aurora, CO, USA* *; 2. CFTDN, Seattle, WA, USA* *; 3. Children\'s Hosp MI, Detroit, MI, USA* *; 4. U Buffalo, Buffalo, NY, USA* *; 5. Cincinnati Children\'s, Cincinnati, OH, USA* *; 6. U Arizona, Tucson, AZ, USA* *; 7. U Minnesota, Minneapolis, MN, USA* *; 8. Penn St, Hershey, PA, USA* *; 9. UT Southwestern, Dallas, TX, USA* *; 10. Nemours Children\'s, Orlando, FL, USA* *; 11. Nationwide Children\'s, Columbus, OH, USA* *; 12. Med Coll WI, Milwaukee, WI, USA* *; 13. Children\'s Hosp Pittsburgh, Pittsburgh, PA, USA* *; 14. U Wisconsin, Madison, WI, USA* *; 15. Vanderbilt, Nashville, TN, USA* *; 16. Case Western, Cleveland, OH, USA*

**Introduction:** CF is characterized by an oxidant/antioxidant imbalance and oxidative stress which may play a significant role in the pathophysiology of CF lung disease. The purpose of this study was to evaluate the effects of an oral antioxidant‐enriched multivitamin supplement on antioxidant levels, markers of inflammation and oxidative stress, and clinical outcomes.

**Methods:** In this multicenter, randomized, double‐blind, controlled trial, pancreatic insufficient CF subjects 10 years of age and older with an FEV1 between 40‐100% predicted were randomized to 16 weeks of an antioxidant‐enriched multivitamin (n=36, mean age 22.3 y, mean FEV1 73.4 %pred) or control multivitamin without antioxidants (n=37, mean age 22.9 y, mean FEV1 74.8 %pred). Safety and tolerability were assessed. Changes in systemic antioxidant levels (β‐carotene, CoQ10, γ‐tocopherol, lutein, lycopene, erythrocyte glutathione peroxidase activity), systemic and sputum markers of inflammation and oxidative stress \[*systemic markers*: WBC counts, hs‐CRP, calprotectin, serum amyloid A, myeloperoxidase (MPO), malondialdehyde, protein carbonyls, total antioxidant capacity; *sputum markers*: MPO, free neutrophil elastase activity, A~1~AT, SLPI, IL‐8, TNF‐α, 8‐iso‐PGF~2~ ~a~, 8‐OHdG\], and clinical outcomes (pulmonary function, anthropometric measures, pulmonary exacerbations) were evaluated.

**Results:** Change in sputum MPO concentration over the 16‐wk treatment period, the primary efficacy endpoint, was not significantly different between the antioxidant‐supplemented group and the control group. Model‐based estimates of the difference between groups for 16‐wk change in log10 sputum MPO were ‐0.17 ng/mL (95% CI= ‐0.513, 0.173, p=0.325). While systemic antioxidant levels (β‐carotene, CoQ10, γ‐tocopherol, lutein) significantly increased in the antioxidant‐treated group (p\<0.001 for each), there were no significant changes in any of the systemic and sputum markers of inflammation and oxidative stress. Whereas lung function and growth endpoints did not differ between the groups at 16 weeks, the antioxidant‐treated group had a lower risk of time to first pulmonary exacerbation requiring antibiotics than the control group (hazard ratio=0.50, 95% CI= 0.25, 0.98, p=0.044). The adverse‐event incidence and tolerability were similar between the groups.

**Conclusions:** Antioxidant supplementation, which was safe and well tolerated, led to increased systemic antioxidant levels without significantly impacting inflammation and oxidative stress. Increased time to first exacerbation was the only clinically relevant improvement observed in the antioxidant‐treated group.

CFFT supported; acknowledging TDN sites, CF patients and families.
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**STUDY DESIGN AND CLINICAL CHARACTERISTICS OF SUBJECTS ENROLLED IN THE CFFT PROSPECT STUDY**

[Sagel, S.D.]{.ul} ^1^; Khan, U.^2^; Heltshe, S.L.^2^; Joseloff, E.^3^; Rowe, S.M.^4^; Clancy, J.P.^5^ *1. Univ of Colorado School of Medicine, Aurora, CO, USA* *; 2. CF Therapeutics Development Network, Seattle Children\'s Research Institute, Seattle, WA, USA* *; 3. CF Foundation, Bethesda, MD, USA* *; 4. Univ of Alabama Birmingham, Birmingham, AL, USA* *; 5. Cincinnati Children\'s Hospital Medical Center, Cincinnati, OH, USA*

**Introduction:** PROSPECT is a two‐part multicenter PROSPECTive, longitudinal study of CFTR‐dependent disease profiling in CF to explore biomarkers, clinical, and physiological characteristics across various degrees of CF severity. Biospecimens and clinical data are being collected to better understand the molecular mediators and profiles that characterize specific levels of CFTR activity, and gain important information on biomarkers to track their relationship to CFTR activity and restoration. This abstract presents the study design and characteristics of recruited subjects in Part A.

**Methods:** Healthy non‐CF controls ≥12 years of age (Cohort 1) will be compared to two CF cohorts defined by *CFTR* genotype, one with at least one partial function CFTR variant (Cohort 2, less severe disease), the other with two mutations with absent CFTR function (Cohort 3, more severe disease). Cohort 1 subjects are being studied twice over a 14‐day period. Cohort 2 and 3 CF subjects complete up to 3 visits over 3 months. Assessments include history, spirometry, clinical laboratory and sweat chloride measurements, and biomarker measurements in sputum, blood, urine, and stool samples. All subjects are contributing biospecimens to the CFFT Biorepository. Subsets of CF subjects are undergoing intestinal pH measurements and nasal epithelial cell procurement.

**Results:** To date, partial‐function CF subjects (Cohort 2, n=22), absent‐function CF subjects (Cohort 3, n=143) and 73 healthy controls have been enrolled. The baseline demographic and clinical characteristics of each cohort are displayed in the Table. All Cohort 1 participants have completed 2 study visits, while 20/22 Cohort 2 subjects and 136/143 Cohort 3 subjects have completed 2 or more study visits. Mean sweat chloride concentrations are significantly different across the 3 cohorts: Cohort 1: 22.6 mmol/L (SD 10.8), Cohort 2: 87.5 mmol/L (SD 12.5), Cohort 3: 100.8 mmol/L (SD 9.3) (p\<0.001 for each pairwise comparison between cohorts). Among the CF cohorts, the within‐subject variance is less than the between‐subject variance (Cohort 2: 5.8 mmol/L vs 11.5; Cohort 3: 5.0 vs 7.0).

**Conclusions:** PROSPECT is successfully enrolling healthy non‐CF controls and CF subjects with different *CFTR* genetic severities. Sweat chloride clearly distinguishes these cohorts and reflects underlying CFTR activity. PROSPECT data and biospecimens may yield additional biomarkers that discriminate levels of CFTR function in different organs and prove useful in defining biological phenotypes to facilitate personalized therapeutic approaches in CF.

Supported by CFFT; acknowledging TDN sites, CF patients and families.

**Characteristics by cohort at baseline visit**
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**SILDENAFIL IMPROVES PERIPHERAL OXYGEN EXTRACTION DURING MAXIMAL EXERCISE IN PATIENTS WITH CYSTIC FIBROSIS**

[Rodriguez Miguelez, P.]{.ul} ^2^; Mangieri, A.^2^; Crandall, R.H.^3^; McKie, K.T.^4^; Forseen, C.^5^; Harris, R.A.^1,6^ *1. Georgia Prevention Institute, Georgia Regents University, Augusta, GA, USA* *; 2. Georgia Prevention Institute, Augusta University, Augusta, GA, USA* *; 3. Respiratory Therapy, Augusta University, Augusta, GA, USA* *; 4. Pediatric Pulmonology, Augusta University, Augusta, GA, USA* *; 5. Pulmonary and Critical Care Medicine, Augusta University, Augusta, GA, USA* *; 6. Sport and Exercise Science Research Institute, University of Ulster, Jordanstown, Northern Ireland, United Kingdom*

**Introduction:** We have recently described a lower muscle oxygen extraction (O~2~Ex) during exercise in patients with CF compared to controls which may contribute to reduced exercise capacity. Sildenafil, a phosphodiesterase type 5 inhibitor, has been used to improve exercise capacity in other patient populations; however, the effects of sildenafil on muscle O~2~Ex during exercise in CF are unknown.

**Purpose:** This study sought to test the hypothesis that sildenafil will improve O~2~Ex during maximal exercise in patients with CF.

**Methods:** Eleven patients with CF (6 males and 5 females; 23 ± 10 years) volunteered for this study. An incremental exercise test to exhaustion was performed on a cycle ergometer using the Godfrey protocol to determine exercise capacity (VO~2~ peak) at baseline and following four weeks of sildenafil treatment (20 mg, TID). Signal‐Morphology Impedance Cardiology (PhysioFlow) was used to monitor hemodynamic measurements both at rest and during maximal exercise (max) before and after treatment with sildenafil. O~2~Ex was determined using a derivation of the Fick equation and exercise factor was calculated as the ratio between cardiac output and O~2~ consumption.

**Results:** No significant differences in resting or maximal cardiac output (rest, *p*=0.686; max, *p*=0.569) or arterial saturation (rest; *p*=0.812; max, *p*=0.308) were observed following treatment. Controlling for fat‐free mass, no differences (*p*=0.817) in resting O~2~Ex were observed between pre‐ and posttreatment (24 ± 2% vs 25 ± 2%). However, O~2~Ex during maximal exercise was significantly (*p*=0.029) higher after sildenafil (67 ± 2%) compared with before treatment (59 ± 1%). Significant correlations were identified between maximal exercise O~2~Ex and both VO~2~ peak (*r*=0.423, *p*=0.021) and diastolic blood pressure (*r*=0.453, *p*=0.045). In addition, exercise factor was significantly associated with baseline pulmonary function (FEV~1~: *r*=‐0.438, *p*=0.041; FVC: *r*=‐0.461, *p*=0.031).

**Conclusion:** For the first time, we have documented that four weeks of sildenafil treatment improves muscle O~2~ extraction during maximal exercise in patients with CF. An increase in O~2~ extraction may contribute to improvements in exercise capacity in this population. Future studies are warranted to investigate the long term effects of sildenafil on the sustained improvement in O~2~ extraction in CF.

Supported in part by NIH/NIDDK R21DK100783 (RAH).
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**BURDEN OF ILLNESS IN CF PATIENTS IN CANADA WHO ARE HOMOZYGOUS FOR THE ***F508DEL‐CFTR*** GENE MUTATION**

[Berthiaume, Y.]{.ul} ^1^; Chilvers, M.^2^; Wilcox, P.^3^; Ratjen, F.^4^; Hodgkins, P.^5^; O\'sullivan, A.^5^ *1. Institut de Recherches Cliniques de Montréal, Montréal, QC, Canada* *; 2. British Columbia Children\'s Hospital, Vancouver, BC, Canada* *; 3. Pacific Lung Research Centre, Vancouver, BC, Canada* *; 4. The Hospital for Sick Children, Toronto, ON, Canada* *; 5. Vertex Pharmaceuticals Incorporated, Boston, MA, USA*

**Objective:** To assess real‐world disease burden among patients in Canada with CF ≥12 years old and homozygous for *F508del‐CFTR* who were not on a CFTR modulator.

**Methods:** Demographics, clinical characteristics, and resource utilization were obtained retrospectively (2011‐2014) from medical records at 4 CF clinics for a 12‐month baseline period and a 2‐ to 36‐month follow‐up period. Descriptive analyses were performed by age (12‐17, ≥18 years), average baseline lung function (ppFEV~1~ ≥70, 41‐69, or ≤40), and overall. Pulmonary exacerbations (PEx) were defined as those mentioned in the record during a hospitalization or outpatient visit requiring nonroutine antibiotic treatment.

**Results:** Data from 139 patients were included. The Table shows baseline patient characteristics. All patients had ≥1 comorbidity at baseline, most commonly pancreatic insufficiency (84%) and nasal polyps (37%). In the follow‐up period (median, 28 months), 63% of patients had a newly emergent comorbidity, including 9% newly diagnosed with impaired glucose tolerance, 6% with CF‐related diabetes, and 6% with depression. Mean PEx rate was 1.0/patient‐year at baseline vs 1.4 at follow‐up. In the follow‐up period, proportions of patients with ≥1 PEx and rates of PEx were higher among adults (89%; 1.7/patient‐year) than adolescents (55%; 0.9/patient‐year) and among patients in the ppFEV~1~ ≤40 group (89%; 1.7/patient‐year) than the ppFEV~1~ ≥70 group (66%; 1.0/patient‐year). In the follow‐up period, 56% were hospitalized for any reason (mean length of stay, 12.6 days), and patients had a mean 5.6 outpatient visits/year. In the baseline period, 66% of patients were using antibiotics, 66% asthma medications, and 54% mucolytics; percentages in the follow‐up were 96%, 84%, and 76%, respectively.

**Conclusions:** Together, these results suggest that patients in Canada with CF who are homozygous for the *F508del‐CFTR* mutation have a considerable, progressive burden of illness that leads to increased resource utilization as the patients age and as the disease progresses.

Sponsored by Vertex Pharmaceuticals Incorporated.
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^a^Lung function, calculated using the Global Lungs Initiative equation, was not calculable for all patients.
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*****SCNN1B‐***TG MICE: A UNIQUE MODEL TO TEST AIRWAY MUCUS‐MOBILIZING THERAPIES IN VIVO**

[Livraghi‐Butrico, A.]{.ul} ^1^; Grubb, B.^1^; Ehre, C.^1^; Ostrowski, L.E.^1^; Button, B.^1^; Rogers, T.^1^; Wilkinson, K.^1^; Samir, S.^1^; Villalon, D.G.^2^; Hale, A.^2^; O\'Neal, W.K.^1^; Thelin, W.^2^; Boucher, R.C.^1^ *1. UNC Marsico Lung Institute/CF Center, Chapel Hill, NC, USA* *; 2. Parion Science, Durham, NC, USA*

Cystic fibrosis is characterized by an ion channel abnormality that produces airway surface liquid (ASL) volume depletion and mucus hyperconcentration, resulting in thick, adherent airway mucus plugs that are resistant to mucociliary and cough clearance. Experimentally, ASL depletion and mucus hyperconcentration have been generated in *Scnn1b‐*transgenic (*Scnn1b*‐Tg) mice by airway‐targeted overexpression of the epithelial Na^+^ channel β subunit (βENaC, encoded by the *Scnn1b* gene). Expression of the *Scnn1b* transgene causes airway surface dehydration with a consequent increase in mucus concentration, which leads to osmotic compression of cilia and mucus adhesion. Lung pathology in *Scnn1b*‐Tg mice is characterized by airway mucus obstruction, inflammation, and susceptibility to spontaneous bacterial infections, recapitulating the main features of CF lung disease. The importance of hyperconcentrated mucus in the pathophysiology of CF lung disease led us to use the *Scnn1b*‐Tg mouse as an in vivo model to test the efficacy of various mucus‐mobilizing agents. Our efforts have focused on the action of reducing agents, based on the rationale that reducing the molecular weight (MW) of mucin polymers by cutting intermolecular disulphide‐bonds is predicted to: 1) reduce the viscous and elastic moduli of mucus gels, and 2) increase the ability of mucins to diffuse out of swelling gels, thus aiding transport of mucus plugs out of the lung.

Preliminary experiments were performed using a nose‐only aerosol delivery system adapted to deliver very small volumes (≤10 μL/min) of polydisperse particles (≤ 4 μm). Analysis of aerosol deposition fraction using 200 nm fluorescent latex beads indicated that less than 0.05% of the total number of beads in the generator were deposited in the lung of wild‐type (WT, C57BL/6N) mice. Nonetheless, agarose Western blot analysis of BAL harvested from *Scnn1b*‐Tg or WT mice after aerosolization of a single dose of a proprietary reducing agent (Rx) indicated a significant decrease (˜50%) in high MW Muc5b polymers, as compared to mice aerosolized with iso‐osmotic vehicle. As mucus plugs in *Scnn1b*‐Tg mice airway are easily detectable histologically, the effect of Rx treatment was also assessed morphometrically (intraluminal AB‐PAS positive area). We demonstrated the feasibility of this approach in studies involving aerosolization of Rx to *Scnn1b*‐Tg mice, where we observed a dose‐dependent reduction in the lung mucus content (i.e., vehicle 0.188 ± 0.025 mm^2^/lung n=21; ˜5 mM deposited Rx 0.162 ± 0.023 mm^2^/lung n=8; ˜10 mM deposited Rx 0.059 ± 0.012 mm^2^/lung n=9 mean ± SEM). Notably, preliminary experiments testing the efficacy of the benchmark mucolytic N‐acetylcysteine (NAC) suggest that this compound, dosed at the same concentration as active Rx (10 mM), is ineffective at promoting mucus plug clearance in *Scnn1b*‐Tg mice, mirroring poor efficacy of NAC in the clinic. Cumulatively, these data indicate that we have developed a clinically relevant platform to perform initial testing for efficacy/toxicity of mucus‐mobilizing agents.
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**LOSARTAN REVERSES TGF‐β‐INDUCED MUCOCILIARY DYSFUNCTION IN HOMOZYGOUS F508DEL CELLS IN VITRO AND A CF SHEEP MODEL IN VIVO**

[Salathe, M.]{.ul} ^1^; Baumlin, N.^1^; Sabater, J.^2^; Abraham, W.M.^2^ *1. University of Miami, Miami, FL, USA* *; 2. Mount Sinai Medical Center, Miami Beach, FL, USA*

**Introduction**: Progressive lung disease due to mucociliary dysfunction remains a problem in cystic fibrosis (CF). Inflammation usually associated with CF airway disease reduces chloride secretion by a decrease in BK conductance that otherwise provides the driving force for secretion. Thus, anti‐inflammatory CF therapy is an important of CF care. Angiotensin receptor blockers (ARBs) have potent anti‐inflammatory properties. We investigated the effects of losartan on mucociliary dysfunction in vitro and in vivo.

**Methods**: CFBE cells were obtained from homozygous F508del individuals at transplant or by LifeCenter Northwest with IRB approval. Cells were redifferentiated at the air‐liquid interface. Inflammation was induced with TGF‐β1 (5‐10 ng/mL, 24 h), a cytokine associated with worse pulmonary outcomes in CF. BK channel activity, airway surface liquid (ASL) volume, and ciliary beat frequency (CBF) were measured as published. For in vivo experiments, the Mount Sinai Medical Center IAUAC approved the tracheal mucus velocity (TMV) studies. Sheep were challenged either 1) on three consecutive days with CFTRinh172 (10 mg/3 mL) and then 2 h later with human neutrophil elastase (HNE, 2380 mU/3 mL) and TMV measured up to 96 h; or 2) on one day with CFTRinh172 and 2 h later with TGF‐β1 (25 μg/3 mL) and TMV measured for up to 24 h.

**Results**: In CFBE cells, treatment with 10 μM losartan rescued TGF‐β1‐induced reductions in BK activity (by downregulating its γ subunit LRRC26), ASL volume and CBF. To assure in vivo relevance, sheep were challenged with aerosolized CFTRinh172 and HNE for 3 consecutive days, resulting in TMV reduction that persisted for 2 days after cessation of challenge. Losartan given by inhalation on day 3 (50 mg) reversed mucociliary dysfunction and kept transport normal for the next 2 days. Losartan also reversed TMV reductions in response to CFTRinh172 and TGF‐β1 (see Figure).

**Conclusions**: These results show that inflammatory mediators reduce alternative chloride transport in CF cells, resulting in dysfunction of parameters that govern mucociliary clearance in vitro and of TMV in vivo. Losartan can overcome these inflammatory conditions and lead to a sustained recovery of ASL volume in vitro and TMV in vivo. These results set the stage for a clinical trial using ARBs in CF patients.
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Tracheal mucus veolcity (TMV) in sheep.
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**OLIGOG CF‐5/20 INDUCES MICROCOLONY DISRUPTION AND POTENTIATES THE ACTIVITY OF COLISTIN AGAINST MULTIDRUG RESISTANT PSEUDOMONAL BIOFILMS**

[Pritchard, M.F.]{.ul} ^1^; Powell, L.^1^; Jack, A.A.^1^; Powell, K.^1^; Onsøyen, E.^2^; Rye, P.D.^2^; Beck, K.^1^; Hill, K.E.^1^; Thomas, D.W.^1^ *1. Advanced Therapies Group, Cardiff University, Cardiff, United Kingdom* *; 2. AlgiPharma AS, Sandvika, Norway*

**Introduction:** Cystic fibrosis (CF) patients are frequently colonized by nonmucoid *Pseudomonas aeruginosa*. However, with time, these adapt to the CF lung by mutating to the mucoid form; which is strongly associated with increased morbidity. Colistin is frequently prescribed as an inhalation therapy for these patients, but acquisition of resistance has recently been reported. OligoG CF‐5/20, a low molecular weight sodium alginate oligomer derived from seaweed, has previously been shown to disrupt *P. aeruginosa* biofilm formation (Powell LC, et al. Am J Respir Cell Mol Biol. 2014;50:483‐92) and disrupt mucin crosslinks within biofilm networks, which significantly reduces CF sputum viscoelasticity (Pritchard MF, et al. Mol Pharma. 2016;13:863‐72).

**Methods:** In this study, we investigated the ability of OligoG CF‐5/20 to potentiate the antimicrobial properties of colistin against established pseudomonal biofilms. The effect of growth media on this in vitro testing was explored using synthetic artificial sputum (AS) medium and standard Mueller Hinton (MH) broth. Growth curves and quantitative analysis of mucoid pseudomonal biofilms treated with colistin (0.2 μg/mL) and/or OligoG CF‐5/20 (2‐20 mg/mL) were conducted in both media. Confocal laser scanning microscopy was employed to visualize biofilm disruption, and further quantified using COMSTAT image analysis. Scanning electron microscope images of established biofilms were taken comparing nonmucoidal and mucoidal strains treated with colistin (16 μg/mL) ± OligoG CF‐5/20 (20 mg/mL). The interaction of the OligoG CF‐5/20 with the pseudomonal alginate and the expression of quorum‐sensing (QS) molecules was studied using circular dichroism and liquid chromatography/mass spectrometry.

**Results:** Biofilm morphology when grown in AS medium was characterized by dense, spherical microcolony formation. Colistin/OligoG CF‐5/20 combination therapy induced a marked increase in disruption of established biofilms following treatment in both MH broth (P\<0.05) and AS medium. The spherical microcolonies (in AS medium) were associated with a decreased efficiency of colistin, which was reversed and potentiated in co‐treatment with OligoG CF‐5/20 in the established biofilm model. Mechanistic studies revealed a reduction in QS signaling of 3‐oxo C12‐AHL when treated with OligoG CF‐5/20 (P\<0.05), whilst levels of C4‐AHLs remained unchanged (P\>0.05).

**Conclusions:** These data demonstrate that the tight microcolony formation typically found within the CF lung (but not observed in conventional in vitro growth conditions), confers resistance to antibiotic treatment. These data support the use of OligoG CF‐5/20 to potentiate antibiotic therapy.

Supported by European Social Fund, and AlgiPharma AS.
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**CORRELATION OF LUNG CLEARANCE INDEX WITH HYPERPOLARIZED ^129^XE PULMONARY MRI IN PEDIATRIC CYSTIC FIBROSIS**

[Rayment, J.]{.ul} ^1^; Kanhere, N.^2^; Kowalik, K.^2^; Couch, M.^2^; Kavanagh, B.^3^; Ratjen, F.^1^; Santyr, G.^2^ *1. Respiratory Medicine, Hospital For Sick Children, Toronto, ON, Canada* *; 2. Physiology and Experimental Medicine, Hospital For Sick Children, Toronto, ON, Canada* *; 3. Critical Care, Hospital For Sick Children, Toronto, ON, Canada*

**Background:** Lung clearance index (LCI) represents pulmonary ventilation inhomogeneity (VI) and is more sensitive than spirometry at detecting early lung disease in cystic fibrosis (CF). However, LCI provides only a global measurement of VI and does not provide insight into regional disease. Pulmonary magnetic resonance imaging (MRI) using hyperpolarized xenon‐129 (^129^Xe) gas can regionally quantify VI by measuring the percentage of unventilated lung volume (ventilation defect percent; VDP). (1) The aim of this study was to compare spirometry, LCI and VDP in a pediatric population of healthy participants and participants with CF.

**Methods:** As part of an ongoing study to validate ^129^Xe‐MRI as an outcome measure in CF, 5 healthy participants and 10 with CF, aged 8‐18, were recruited. LCI was measured using the Exhalyzer D^®^ (EcoMedics AG). Pulmonary ^129^Xe‐MRI was performed on a 1.5T MRI scanner (GEHC) and VDP was calculated as the unventilated lung volume divided by the total thoracic cavity volume. Spirometry was performed according to the American Thoracic Society guidelines.

**Results:** Compared to healthy controls, participants with CF had a significantly higher VDP (p=0.008) and LCI (p=0.003) with no significant difference (p=0.14) in the forced expiratory volume in one second (FEV~1~) between the two groups (Figure). There was a strong correlation (r^2^=0.90) between measured LCI and VDP.

**Discussion**: Measurement of VDP using ^129^Xe‐MRI is feasible in a pediatric population and VI quantification using this technique correlates closely with LCI. ^129^Xe‐MRI and LCI could detect differences between healthy and CF participants, while conventional spirometry could not. Thus, VDP could be a marker of early lung disease in CF and could provide a sensitive, radiation‐free modality to monitor the progression and response to treatment in these patients.

**References:**

1\. Kirby M, et al. Radiology. 2012;265:600‐10.
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**Figure** -- A box plot diagram showing the distribution of FEV~1~ (dots), LCI (checks) and VDP (diagonal lines) in healthy and CF participants. Horizontal lines represent the median measured value; boxes represent interquartile range and error bars represent minimum and maximum values. Asterisks denote statistically significant differences (p\<0.05); NS denotes no statistically significant difference.
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**PB01: A RECOMBINANT HUMAN FOLLISTATIN PROTEIN FOR THE TREATMENT OF INFLAMMATION IN CYSTIC FIBROSIS**

[Kita, B.M.]{.ul} ^1^; Desem, N.^1^; Hardy, C.^2^; O\'Hehir, R.^2^; Hedger, M.^3,4^; Cavagnaro, J.^5^; Shakib, S.^6^; Farinola, N.^6^; de Kretser, D.^1,3,4^ *1. Paranta Biosciences Ltd, Caulfield North, VIC, Australia* *; 2. Allergy, Immunology and Respiratory Medicine, Monash University, Melbourne, VIC, Australia* *; 3. The Hudson Institute of Medical Research, Melbourne, VIC, Australia* *; 4. Monash University, Melbourne, VIC, Australia* *; 5. Access BIO, Boyce, VA, USA* *; 6. CMAX, Royal Adelaide Hospital, Adelaide, SA, Australia*

Pulmonary inflammation in cystic fibrosis (CF) is associated with an exaggerated neutrophilic response which leads to lung damage and subsequent respiratory failure. Effective treatment of the underlying chronic inflammation is needed. Activin A is a key modulator of the inflammatory cascade and its levels correlate with reduced respiratory function in CF patients (Hardy CL, et al. Immunol Cell Biol. 2015;93:567‐74). Follistatin, a naturally occurring glycoprotein, is an effective inhibitor of activin activity. Its effect on modulating inflammation in CF was assessed using *Scnn1b‐*Tg mice, which recapitulate the hallmarks of CF lung disease and exhibit elevated activin A levels in lung tissue.

Recombinant human follistatin 288 (rhFST288, FST) administered intranasally every second day for 3 weeks to *Scnn1b‐*Tg mice significantly reduced airway neutrophils, mucus production and bronchoalveolar lavage (BAL) fluid levels of activin A and inflammatory cytokines, including IL‐1α, IL‐1β, G‐CSF, MCP‐1, MIP‐1α and MIP‐1β. Lung tissue expression of profibrotic genes (*Tgfb1*, *Pdgfa* and *Pdgfb*) and genes coding for collagen (*Col13a1, Col4a1, Col4a2, Col4a4, Col6a1*) were reduced, while expression levels of protective protease inhibitors, including *Serpina3* and *Serpinb6* orthologs, were increased with FST treatment. Collectively, the data show that FST modulates neutrophilic airway inflammation and has the potential to regulate genes involved in tissue damage and repair. The data support the therapeutic application of FST to treat CF lung disease.

PB01 is a new orally inhaled therapeutic preparation of recombinant human follistatin 288 (rhFST288). Safety and toxicology studies in rats and cynomolgus monkeys showed that single and multiple inhaled daily doses of PB01 (8‐400 μg/kg) over 14 days were well tolerated and there were no significant adverse effects on respiratory parameters, locomotor activity, or the cardiovascular system. In addition, there were no adverse changes in clinical pathology parameters and no tissue and organ pathology. Pharmacokinetic analysis of PB01 in serum indicated minimal systemic exposure after inhalation. A first‐in‐human Phase 1 clinical trial on the safety and pharmacokinetic effects of PB01 in healthy male participants has commenced (ACTRN12615000984594). Results from the single ascending dose study show that PB01 was well tolerated by the participants. There were no serious adverse events and all reported adverse events were considered mild. There was no dose‐limiting toxicity, and no clinically significant changes in laboratory assessments, vital signs, 12‐lead ECG, pulmonary function test and physical examination from baseline, for any PB01 treatment group. A multiple ascending dose study has completed with results expected by July 2016. A second Phase 1 clinical study to assess the pharmacodynamic effects of PB01 on lung inflammation is planned.
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**FALSE‐POSITIVE BETA‐SWEAT SECRETION TEST**

[Teresinha, L.]{.ul} ^1^; Viphonephom, P.^1^; Hoyep Tchanchou, A.^1^; Noel, S.^1^; Dhooghe, B.^1^; Haaf, J.^1^; Bergamini, G.^2^; Calcaterra, E.^2^; Sorio, E.^2^; Khoa, T.N.^3^; Melotti, P.^2^ *1. LTAP, Université Catholique de Louvain, Brussels, Belgium* *; 2. CF Center, Verona, Italy* *; 3. Necker‐Enfants Malades Hospital AP‐HP, Paris, France*

**Introduction**: Two new versions of the beta‐sweat secretion test focusing on the defective CFTR‐dependent beta‐adrenergic pathway have been recently developed with claimed advantage of having sufficient sensitivity to quantify half CFTR function in heterozygous and in atypical CF and to measure efficacy of novel therapies.

**Methods**: Rates of water evaporation (kg water/hr/m^2^) and of volume of sweat droplets (nL/min) were measured in an apparently healthy female, 61 years, following originally reported protocols of evaporimetry and bubble test.

**Results**: Cholinergic phases were normal (maximal evaporimetric response 5 min after intradermal injection of carbachol: 95.1 kg water/hr/m^2^ and volume rate of droplets obtained 10 min after methacholine injection: 1.8 nL/min). However beta‐adrenergic (isoprenaline plus aminophylline) responses, evaluated in the presence of atropine to inhibit the prior cholinergic stimulation, were abolished (β‐adrenergic to cholinergic ratio: 0 and 0.7% for evaporimetry and bubble test respectively), eliciting a diagnosis of CF. The results were confirmed by repeating each test at least twice. History of current medications possibly interfering with the pharmacological agents used during the tests revealed long‐term (\>12 years) treatment of a well‐controlled primary angle closure glaucoma consisting of a daily topical use of beta‐blocker carteol 2% (1 drop/left eye). There are no apparent symptoms of beta‐blocker intoxication (heart rate: 66 beats per min, regular sinus rhythm, no asthma symptoms). Sweat chloride concentration determined after pilocarpine iontophoresis using a coulometric method was 24 mmol/L Cl^‐^.

**Conclusions**: The two new versions of the beta‐sweat secretion test are very sensitive to quantify the beta‐adrenergic contribution of the sweat secretion. Beta‐blocker treatment, even at topical use, leads to false‐positive results. Much attention should be paid to the use of current medications that may interfere with the pharmacological steps of the tests.

Supported by the Belgian CF Foundation.
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**CLINICAL EXPERIENCE WITH A PLANT‐DERIVED ACTIN‐INHIBITION‐RESISTANT DEOXYRIBONUCLEASE I (AIR‐DNASE), A NOVEL TREATMENT FOR CYSTIC FIBROSIS**

[Kerem, E.]{.ul} ^1^; Atsmon, J.^2^; Fux, L.^3^; Alon, S.^3^; Dekel, E.^3^; Chertkoff, R.^3^; Almon, E.^3^; Shaaltiel, Y.^3^; Bentur, L.^4^ *1. Hadassah Medical Center, Jerusalem, Israel* *; 2. Tel Aviv Sourasky Medical Center, Tel Aviv, Israel* *; 3. Protalix Biotherapeutics, Carmiel, Israel* *; 4. Rambam Medical Center, Haifa, Israel*

Cystic fibrosis (CF) is the most common life‐limiting autosomal recessive disorder amongst Caucasians. CF is a genetic disorder that affects mostly the lungs but also the pancreas, liver, kidneys and intestine. Long‐term issues include difficulty in breathing and coughing up sputum, resulting in extracellular DNA accumulation in the sputum and frequent lung infections. Patients exhibit lung disease consistent with failure of the innate airway defense mechanisms. Mucus represents the main barrier between the airway epithelium and the external environment and is, thus, the primary defense mechanism of the airways. Airway mucus dehydration seems paramount in the initiation of CF lung disease. Pulmonary disease is the major cause of morbidity and mortality in CF patients. Recombinant human DNase I enzymatically cleaves extracellular DNA in the sputa of cystic fibrosis (CF) patients, hence, reducing sputum viscoelasticity that accumulates in the lungs of these patients, thus enabling better sputum expectoration. Actin, a potent inhibitor of DNase I activity, is found in high concentration in CF patients\' sputum and may decrease the enzyme\'s DNA degradation activity therefore interfering with the effectiveness of inhaled DNase I in the lungs of CF patients. Protalix has developed a chemically modified plant cell‐expressed Actin‐Inhibition‐Resistant DNase I, or AIR‐DNase, to be administered by inhalation. This is a report of the results of a phase I randomized, double‐blind, placebo‐controlled, single‐ascending‐dose and multiple‐ascending‐dose study designed to evaluate safety, tolerability, and pharmacokinetics of inhaled AIR DNase in 18 healthy volunteers, and an interim report of a phase IIa, proof‐of‐concept, open‐label study to evaluate the safety, tolerability, pharmacokinetics and exploratory efficacy parameters of AIR DNase™ in patients with cystic fibrosis previously treated with Pulmozyme®.
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**SAFETY, TOLERABILITY AND PHARMACOKINETICS OF A NOVEL CFTR CORRECTOR MOLECULE GLPG2222 IN HEALTHY VOLUNTEERS**

[Van de Steen, O.]{.ul} ^1^; Namour, F.^2^; Kanters, D.^1^; Geller, D.E.^3^; de Kock, H.^1^; Vanhoutte, F.P.^1^ *1. Galapagos NV, Mechelen, Belgium* *; 2. Galapagos SASU, Romainville, France* *; 3. AbbVie Inc, North Chicago, IL, USA*

**Background:** GLPG2222 (GLPG2222/ABBV‐2222) is a novel cystic fibrosis transmembrane conductance regulator (CFTR) corrector in clinical development for the treatment of cystic fibrosis (CF). In cellular assays, GLPG2222 was shown to be a potent corrector, partially restoring F508del CFTR cell surface expression when using a CFBe41o‐ cell line harbouring HRP‐tagged F508del CFTR. In primary bronchial epithelial cells derived from patients homozygous for F508del, the combination of GLPG2222 and a CFTR potentiator restores the function of F508del CFTR and exhibits potent activity with an EC~50~\<10nM. GLPG2222 represents one component of a future potentiator/corrector(s) combination therapy targeting a broad CF patient population.

**Methods and Objectives:** This randomized, double‐blind, placebo‐controlled first‐in‐human study was designed to assess the safety, tolerability and pharmacokinetic properties of GLPG2222 in healthy volunteers. The study consisted of two parts: the first part assessed single ascending doses (SAD) of 50 mg qd to 800 mg qd administered in two alternating cohorts of 8 subjects. The second part assessed multiple ascending doses (MAD) of 150 mg qd to 600 mg qd in three sequential cohorts of 8 subjects whereby doses are administered for 14 days. Subjects were randomized in a 3:1 ratio (active versus placebo). 40 healthy subjects were included. The safety and tolerability evaluation consisted of adverse events, clinical laboratory parameters, physical examination, vital signs and ECGs. Plasma and urine pharmacokinetics of GLPG2222 were determined.

**Results:** We report preliminary results of this phase I study (follow‐up of the last cohort in the MAD part was still ongoing at the time of submission). Over the dose ranges tested, GLPG2222 was not associated with any serious adverse events (SAEs) or premature discontinuation due to adverse events. Based upon blind data, the following adverse events (AEs) were reported to be at least possibly related to GLPG2222: headache, flushing, asthenia, fatigue, gastroenteritis, diarrhoea, abdominal pain, thirst, abdominal discomfort and pruritus; all were considered mild. Clinical laboratory parameters, physical examinations, vital signs and ECGs did not show any clinically relevant findings. GLPG2222 given as oral liquid formulation in fed state was rapidly absorbed (median tmax = 1‐3.5h) and eliminated with a mean apparent t~1/2~ of about 15h. GLPG2222 exposure (C~max~ and AUC) increased dose proportionally between 150 and 300 mg and slightly more than dose proportionally between 300 and 600 mg. Steady state was reached within 2 days.

**Conclusions:** The preliminary results of this first‐in‐human study demonstrate GLPG2222 to be safe and well tolerated administered for 14 days up to 600 mg qd in healthy subjects. Full safety and PK data will be presented at the conference. These findings support GLPG2222 to be further developed for the treatment of subjects with CF.
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**GLPG1837 IN SUBJECTS WITH CYSTIC FIBROSIS (CF) AND THE S1251N MUTATION: RESULTS FROM A PHASE IIA STUDY (SAPHIRA2)**

De Boeck, C.^1^; Van Braeckel, E.^2^; van der Ent, C.K.^3^; Verhulst, S.^4^; Weersink, E.J.^5^; Conrath, K.^6^; Kanters, D.^6^; Namour, F.^7^; de Kock, H.^6^; [Van de Steen, O.]{.ul} ^6^ *1. Department of Pediatrics, University of Leuven, Leuven, Belgium* *; 2. Department of Respiratory Medicine, Ghent University and Hospital, Ghent, Belgium* *; 3. Cystic Fibrosis Center and Department of Pediatric Respiratory Medicine, Wilhelmina Children\'s Hospital, University Medical Center Utrecht, Utrecht, Netherlands* *; 4. Cystic Fibrosis Center, University Hospital Antwerp, Antwerpen, Belgium* *; 5. Department of Respiratory Medicine, Academic Medical Center, Amsterdam, Belgium* *; 6. Galapagos NV, Mechelen, Belgium* *; 7. Galapagos SASU, Romainville, France*

**Background:** GLPG1837 is a novel cystic fibrosis transmembrane conductance regulator (CFTR) potentiator in clinical development for the treatment of cystic fibrosis. GLPG1837 has shown to be safe and well tolerated after 2 weeks of dosing up to 800 mg orally twice daily in healthy subjects. In vitro assays on S1251N CFTR showed GLPG1837 to open this dysfunctional channel with a high potency. Together, these results suggest GLPG1837 could be beneficial to CF patients harbouring the S1251N mutation.

**Methods and Objectives:** SAPHIRA2 is a phase IIa, open‐label, multicentre study designed to evaluate two doses of GLPG1837 (two weeks of dose 1, followed by two weeks of dose 2). Primary study objective is to evaluate safety and tolerability. Secondary outcome parameters include sweat chloride concentration as pharmacodynamic biomarker and pulmonary function. In addition, we explore the correlation of biomarker change and GLPG1837 plasma exposure. Main study inclusion criteria are: CF and S1251N mutation on one allele; age ≥ 18 years; FEV~1~ ≥ 40% of predicted normal. For subjects treated with ivacaftor, a 7‐day washout prior to start of first dose of GLPG1837 is required. At least 6 subjects will be included in the study.

**Results:** At the time of submission of the abstract, the study is still ongoing: 7 subjects have been screened, 5 subjects have been enrolled and 4 subjects have completed the study. To date, no unexpected safety signals have been detected and the study is continuing as planned. The current projection is to complete enrolment by end of June 2016. Consequently, we expect top‐line results to become available by September 2016.

**Conclusions:** Pending results.
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**POOLING OF BRONCHOALVEOLAR LAVAGE IN CHILDREN WITH CYSTIC FIBROSIS DOES NOT AFFECT THE MICROBIOLOGICAL YIELD AND MAY ALLOW EARLIER DETECTION OF PULMONARY INFLAMMATION**

[McNally, P.G.]{.ul} ^1,2^; O\'Rourke, J.^2^; Fantino, E.^3^; Chacko, A.^5^; Pabary, R.^7^; Turnbull, A.^7^; Wainwright, C.E.^4,5^; Linnane, B.^2,6,9^; Davies, J.C.^7,8^; Sly, P.^4,5^ *1. Paediatrics, Royal College of Surgeons in Ireland, Dublin, Ireland* *; 2. National Children\'s Research Centre, Our Lady\'s Children\'s Hospital, Dublin, Ireland* *; 3. Medicine, University of Queensland, Brisbane, QLD, Australia* *; 4. Paediatrics, University of Queensland, Brisbane, QLD, Australia* *; 5. Respiratory Medicine, Lady Cilento Children\'s Hospital, Brisbane, QLD, Australia* *; 6. Paediatrics, University of Limerick, Limerick, Ireland* *; 7. Paediatric Respiratory Medicine, Royal Brompton Hospital, London, United Kingdom* *; 8. Gene Therapy, Imperial College, London, United Kingdom* *; 9. Paediatrics, University Hospital Limerick, Limerick, Ireland*

**Background:** Bronchoalveolar lavage (BAL) is a potentially useful outcome measure for clinical trials in children with CF but its use is limited by variations in approach in different centres. First lavages (the airway component) are frequently used for culture, and in many institutions, subsequent lavages (distal/alveolar fractions) are used for measurement of inflammation. Pooling of BAL offers the opportunity to gather a homogenous sample of greater volume with a greater representation of the proximal airway component. We sought to determine if pooling of all lavage fractions adversely affected the relationship between infection and inflammation in BAL compared to a standard approach of using first lavages for culture and subsequent lavages for inflammatory markers.

**Results:** 53 children with CF (mean age 4.5 years range 1‐12) and 32 controls (mean age 4.3 years range 1‐11) were recruited. Of 234 culture results in 85 samples, 192 (82%) showed concordance between the first and pooled lavages in terms of identification of organisms. Of these 192, semiquantitative culture results were similar in 186 and differed in 6 (4 greater growth in pooled lavage and 2 greater in first lavage). Of the 42 instances where culture results differed, in 8 cases (3.4%) this represented a known pathogen (4 cases where it grew in first lavage alone, and 4 in the pooled lavage alone). ROC curves demonstrated similar efficacy of pooling and first lavage as diagnostic tools for detection of known pathogens. Bland Altman analysis demonstrated strong agreement between the two methods in terms of detection of inflammation when infection was present. Neutrophil elastase (NE) was detected in 28 samples and undetected in 57. In 4 cases NE was detected in pooled lavage where it was undetected in standard lavage. Mean levels of interleukin‐8 (IL‐8) were higher in the pooled samples (4776pg/mL) compared to standard lavage (2820pg/mL), showed a greater spread of values and were better able to discriminate between CF and control and between those with and without infection in BAL (not statistically significant).

**Conclusion:** Pooling of BAL allows for the collection of larger volume samples without adversely affecting the relationship between infection and inflammation, and may be better suited to detecting changes in inflammation as a result of treatment interventions.

**255**

**ALX‐009 (OSCN^‐^/~B~LF) EFFICACY AGAINST EMERGENT CYSTIC FIBROSIS PATHOGENS**

Bechetoille, C.^2^; Jubeau, L.^2^; [Juarez‐Perez, V.]{.ul} ^2,1^ *1. Stragen, Lyon, France* *; 2. Alaxia SAS, Lyon, France*

**Introduction:** Cystic fibrosis (CF) is no longer considered a childhood disease. In developed countries, the median survival rate is about 40 years old. This epidemiological change contributes to the emergence of pathogens difficult to treat during the disease evolution. ALX‐009 is a fixed combination of two endogenous compounds of the innate immune system, OSCN^‐^ and lactoferrin (LF), both reduced in CF patients. OSCN^‐^ disturbs the cell machinery while LF either acts as iron chelator and/or by direct interaction with bacterial membranes. The combined effects of OSCN^‐^/bovine LF (bLF) may offer an innovative multitarget strategy to fight resistant pathogens.

**Material and Methods:** ALX‐009 was assayed against 79 *Achromobacter xylosoxidans* (AX), 146 *Burkholderia cepacia* complex (BCC), 20 *Burkholderia* spp (BSp) and 20 multidrug resistant (MDR) *Pseudomonas aeruginosa* (PaMDR) clinical isolates. Determination of minimal inhibitory concentrations (MIC) was performed with the broth microdilution method adapted from the CLSI guideline M07‐A9. Time‐kill experiments were performed for each species/group by microdilution method as described in the CLSI guideline M26‐A, at time points 0, 2, 4, 6, and 24 h with a fixed combination of 80μg/mL OSCN^‐^ and 4mg/mL bLF. Compound interaction was assayed with a two‐dimensional checkerboard test with the broth microdilution method and FIC indexes were calculated. The efficacy of ALX‐009 in the presence of complex matrices was tested for biofilms, with the MBEC device, and for sputum (10% w/v), with time‐kill assays.

**Results:** ALX‐009 is able to inhibit the growth of 100% (n=316) of the bacterial strains tested. Susceptibility ranking based on median MIC values is PaMDR \< AX \< BSp \< BCC. For OSCN^‐^, the MIC~median~ value is 58μg/mL and the MIC range was 12‐157μg/mL for the whole series. Despite being generally accepted as bacteriostatic, under the CLSI standardized conditions, bLF inhibits the growth of only 8% (26/316) of strains with a MIC~median~ value of 32mg/mL and a MIC range of 0.25 to 96mg/mL. However, checkerboard analyses showed that bLF interacts positively with OSCN^‐^: its presence reduces the OSCN^‐^ required to inhibit bacterial growth by about 25% (average value) when compared with the MIC values of OSCN^‐^ alone. The FIC indexes were between 0 and ≤1 for 48% (152/316) isolates. This positive interaction of bLF on the OSCN^‐^ killing properties was confirmed by the time‐kill experiments: presence of bLF hampers or limits the regrowth of bacteria that may occur with OSCN^‐^ alone 24h after exposure. Comparison of the MIC values of ALX‐009 in planktonic cultures with its minimal biofilm inhibitory concentrations or its MIC value in presence of 10% sputum demonstrates a minimal variation of activity of 0.4 fold for biofilms and an unchanged activity of the combination in the presence of sputum.

**Conclusion:** Taken together, the results confirm the therapeutic potential of ALX‐009 against emergent pathogens among the CF population: ALX‐009 is a broad‐spectrum antibacterial product that preserves its killing capacities in complex biological matrices. ALX‐009 may contribute to the future management of lung infections caused by emergent and multiresistant bacteria in CF patients.
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**SIGNIFICANT REDUCTION OF IL‐6 AND IL‐8 IN NASAL LAVAGE OF CF PATIENTS WITH A G551D MUTATION RECEIVING A NEW THERAPY WITH IVACAFTOR**

[Mainz, J.G.]{.ul} ^1^; Hentschel, J.^2^; Hünniger, K.^3^; Hipler, U.^4^; Lehmann, T.^5^; Rabanser, B.^6^; Kurzai, O.^3^; Beck, J.F.^1^; Ellemunter, H.^6^; Arnold, C.^1^ *1. CF‐Center, Pediatric Pneumology, Jena University Hospital, Jena, Germany* *; 2. Institute of Human Genetics, Leipzig University Hospital, Leipzig, Germany* *; 3. Friedrich Schiller University Jena, Septomics and HKI and Leibnitz Institute for Natural Product Research, Jena, Germany* *; 4. Dermatology Clinic, Jena University Hospital, Jena, Germany* *; 5. Centre for Clinical Studies (Biometrics), Jena University Hospital, Jena, Germany* *; 6. Innsbruck Medical University, CF Center, Innsbruck, Austria*

**Introduction:** New surrogate parameters are required to assess effects of CFTR modulators, as FEV1 provides restricted sensitivity. Assessment of inflammation in epithelial lining fluid (ELF) is most interesting but lower airway sampling by BAL is limited by invasiveness. In CF upper airway mucosa equally reveals defective CFTR channels, frequently causing chronic rhinosinusitis in CF. The aim of the present study is to assess the potential to discriminate CFTR modulator effects in ELF non‐invasively sampled from the upper airways by nasal lavage (NL).

**Methods:** 10 CF patients with a G551D mutation receiving a new ivacaftor (IVA) therapy and attended at the Jena and Innsbruck University CF Centers were included in the prospective study. NL was performed instilling 10 mL of isotonic saline into each nostril with reclined head and closed soft palate. Secretions were collected in a sterile beaker after anteflection of the head. Patients were trained to perform NL sampling at home up to every second day prior and during new IVA therapy. At home secretions were immediately frozen and transferred on ice to the centers and stored at ‐80°C until assessment of inflammatory mediator concentrations by ELISA (neutrophil elastase (NE)) and multiplexed immunoassays (interleukins (IL)1ß, IL6, IL8).

**Results:** Altogether, 345 NL samples were longitudinally collected from 10 included patients, before and during treatment with IVA. In comparison to NL levels before IVA treatment IL‐6 and IL‐8 declined by mean from 7.96 pg/mL to 4.64 pg/mL (p=0.020) (1.71 fold) and 634.75 pg/mL to 89.12 pg/mL (p=0.049) (7.12 fold), respectively. Whereas IL1ß and NE appeared to reduce (2.8 to 1.48 pg/mL respective 445.99 to 433.81 ng/mL) these changes were not significant. As in published studies, IVA improved sweat chloride, lung function and body weight in most patients.

**Conclusion:** For the mediators IL6 and IL8, serial home‐based sampling of ELF from the upper airways by NL revealed a significant decrease during newly introduced treatment with IVA. For all included patients this novel approach appeared suitable when combined with direct freezing. The noninvasive method is promising for assessment of therapeutic effects of CFTR modulators on airway inflammation.
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Method to obtain nasal lavage fluid (2 x 10mL of NaCl 0.9%)

**257**

**SPX‐101 IS A POTENT INHIBITOR OF ENAC CAPABLE OF REGULATING MUCUS HYDRATION IN VITRO AND IN VIVO**

[Scott, D.W.]{.ul} ^1^; Terryah, S.^1^; Oddo, J.^1^; Neil, J.^1^; Fellner, R.^3^; Sabater, J.^2^; Abraham, W.M.^2^; Tarran, R.^3^; Crowder, T.^1^; Christensen, D.J.^1^ *1. Spyryx Biosciences, Durham, NC, USA* *; 2. Mount Sinai Medical Center, Miami, FL, USA* *; 3. Marsico Lung Institute, University of North Carolina, Chapel Hill, NC, USA*

**Introduction:** In cystic fibrosis, loss of CFTR, combined with hyperactivity of ENaC, leads to mucus dehydration and a decrease in airway surface liquid (ASL) height. In healthy lungs, short palate lung and nasal epithelial clone 1 (SPLUNC‐1) is secreted by airway epithelia and is a key negative regulator of ENaC. As the effects of SPLUNC‐1 are attenuated at acidic pH, the protein fails to negatively regulate ENaC in the CF lung. Previous work has identified an 18‐amino acid residue (S18) of the SPLUNC‐1 N‐terminus that demonstrates regulation of ENaC. Since S18 is unstable in the proteolytic environment of the CF lung, it is not suitable as a therapeutic in CF but provides the basis for the generation of optimized therapeutics.

**Objective:** The objective of this work was to design and validate a novel therapeutic based off S18 which was suitable for treatment of cystic fibrosis. The desired compound would be effective in regulating ASL height and amiloride sensitive current in vitro while also regulating mucus hydration in vivo in the presence of CFTR inhibition.

**Methods:** Human bronchial epithelial cells (HBECs) derived from healthy and CF lungs were treated with SPX‐101 and ASL height and amiloride‐sensitive current were determined. To test the in vivo effects of SPX‐101, sheep were treated with CFTRinh172 followed 4 hours later by nebulization of placebo or SPX‐101 in the presence or absence of hypertonic saline. Tracheal mucus velocity (TMV) was measured hourly for 8 hours.

**Results:** Sequence optimization produced SPX‐101, an analog of S18, which demonstrated a ˜50,000 fold increased potency in regulating ASL height compared to the parent peptide. Moreover, SPX‐101 significantly inhibited amiloride‐sensitive currents in both normal and CF‐derived HBECs in the subnanomolar range. To test the in vivo effects of SPX‐101, sheep were delivered SPX‐101 or placebo via nebulization after CFTRinh172. SPX‐101 treatment in CFTR‐inhibited animals showed a dose‐dependent restoration of TMV. Observed increases in TMV were independent of hypertonic saline, suggesting the effects of SPX‐101 are more potent than current therapeutics.

**Conclusions:** SPX‐101 is a potent regulator or ENaC capable of regulating mucus hydration in vitro and in vivo.
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**CFTR^‐/‐^ RAT WITH DISTAL INTESTINAL OBSTRUCTIVE SYNDROME (DIOS)**

[Fernandez, C.M.]{.ul} ^1^; Nelson, G.A.^1^; Birket, S.^1^; Oden, A.^1^; Elson, C.O.^1^; Wiesmann, W.^2^; Baker, S.^2^; Rowe, S.M.^1^ *1. Medicine, University of Alabama at Birmingham, Birmingham, AL, USA* *; 2. Synedgen, Inc., Claremont, CA, USA*

**Introduction:** CFTR affects electrolyte transport in many organs including the gastrointestinal (GI) system, resulting in pancreatic insufficiency, nutritional malabsorption, and significant reductions in GI motility, altering the fecal microbiota and causing mucus adhesion. Distal intestinal obstruction syndrome (DIOS) and meconium ileus (MI) due to highly viscous and adhesive intestinal mucus affect many CF patients and cause substantial morbidity and decreased quality of life. We previously showed that the novel and unique biopolymer poly (acetyl, arginyl) glucosamine (PAAG15A), a polycationic polysaccharide that inter‐digitates with human mucus and interacts with purified mucin to normalize their structure, decreased the viscosity, elasticity, and adhesivity of CF airway mucus, substantially improving mucociliary transport. We have also shown that a related polymer, PAAG11D, prevented the incidence of DIOS in CFTR^‐/‐^ mice, significantly improving survival and growth. We have turned to the CFTR^‐/‐^ rat to investigate whether PAAG11D can prevent the development of DIOS and also treat documented obstruction. The rat will allow us to evaluate endpoints including diagnostic imaging. A DIOS treatment study is in progress.

**Methods:** In a natural history study, intestine from CFTR^‐/‐^ rats euthanized at 3 or 4 weeks was collected for gross pathology and histopathologic analysis. Stool and serum were collected for ongoing evaluation of inflammation. For the prevention study, due to the early onset of DIOS, CFTR^‐/‐^ rats at 2 weeks of age were randomized and administered PAAG (40 mg/kg/d) by oral gavage once daily (or Golytely or vehicle control) for 21 days while on a regular diet. Body weights and general health were monitored daily.

**Results:** Evaluation of CFTR^‐/‐^ rats at 3 and 4 weeks determined DIOS occurs as early as 2 weeks of age, indicating that intervention is needed at an earlier age than observed in our CFTR^‐/‐^ mice studies. With early PAAG11D treatment, survival was improved and gross examination of intestine displayed obvious obstruction due to DIOS in untreated control rats, compared to healthy‐appearing intestines in PAAG11D‐ and GoLytely‐treated CFTR^‐/‐^ rats. Histological evaluation of intestine of control rats indicated epithelial cell sloughing and crypts dilated with adherent mucus. There also appeared to be increased bacterial load and prominent mucosal inflammation.

**Conclusions:** Currently, no treatments are intended to address the underlying adhesive properties of CF mucus that cause impacted mucus, stool, and associated inflammation, representing a significant unmet medical need. CFTR^‐/‐^ rats develop DIOS as early as 2 weeks of age. Intervention with the novel biopolymer PAAG11D prevented the development of DIOS in CFTR^‐/‐^ rats, improving survival and growth. These data provide a strong basis to evaluate the effect of PAAG11D and other anti‐adhesive mucolytic therapies on CF intestinal disease in humans.
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**STRATIFYING YOUNG CHILDREN WITH CF FOR DISEASE SEVERITY USING INTESTINAL ORGANOID SWELLING, INTESTINAL CURRENT MEASUREMENT OR SWEAT CHLORIDE CONCENTRATION AS CFTR‐DEPENDENT BIOMARKER**

[de Winter ‐ de Groot, K.M.]{.ul} ^1^; Janssens, H.^2^; van Uum, R.^1^; Dekkers, F.^1^; Berkers, G.^1^; Vonk, A.M.^1^; Kruisselbrink, E.^1^; Vries, R.^3,4^; Clevers, H.C.^3,4^; Houwen, R.H.^5^; Escher, J.^6^; van der Ent, C.K.^1^; Tiddens, H.^2^; Beekman, J.^1^ *1. Pediatric Pulmonology, Wilhelmina Children\'s Hospital ‐ University Medical Center Utrecht, Utrecht, Netherlands* *; 2. Pediatric Pulmonology, Sophia Children\'s Hospital ‐ Erasmus Medical Center Rotterdam, Rotterdam, Netherlands* *; 3. Hubrecht Institute for Developmental Biology and Stem Cell Research, Utrecht, Netherlands* *; 4. University Medical Center Utrecht, Utrecht, Netherlands* *; 5. Pediatric Gastroenterology, Wilhelmina Children\'s Hospital ‐ University Medical Center Utrecht, Utrecht, Netherlands* *; 6. Pediatric Gastroenterology, Sophia Children\'s Hospital ‐ Erasmus Medical Center Rotterdam, Rotterdam, Netherlands*

**Introduction:** Forskolin‐induced swelling (FIS) can be used to measure individual CFTR residual function. The aim of this study is 1) to compare CFTR residual function in intestinal organoids with current diagnostic tools sweat chloride concentration (SCC) and intestinal current measurement (ICM), and 2) to validate the predictive capacity of this model for clinical outcome parameters in infants with CF. This study is part of the HIT‐CF program.

**Methods**: In the CF clinics of the University Medical Center Utrecht and Erasmus MC Rotterdam, infants with CF who are identified by newborn screening, are enrolled in a monitoring protocol, which is pioneered by the Australian CF research group (AREST‐CF). This protocol includes biannual bronchoscopy with collection of BALF and chest CT, starting at the age of 1. At the age of 1 year patients also undergo a rectal biopsy for ICM. After performing ICM, organoids are cultured from the residual materials and FIS is measured. Severity of CF lung disease is scored using a PRAGMA score method which reflects bronchiectasis, bronchial thickening, air trapping and mucus plugging.

**Results**: CFTR measurements and clinical parameters of 17 infants with 12 different genotypes are analyzed. FIS correlates with ICM and SCC, r = 0.78 and ‐0.64, respectively, both p\< 0.01. Children with high FIS values have lower values of IRT (immunoreactive trypsinogen), are more often pancreatic sufficient and have lower CT PRAGMA scores at age of 1 year when compared to children with lower FIS values: 165 (134‐213) versus 123 (79‐141) μg/mL, p 0.05; 100 versus 22%, p 0.02 and 0.89 (0.62‐2.85) versus 3.81 (1.76‐7.62)% disease, p 0.03, respectively. High versus low SCC is only significant related to fecal elastase values (p\< 0.01), while ICM has no relation with any clinical parameter.

**Conclusions**: FIS of intestinal organoids correlates well with currently established CFTR‐dependent biomarkers SCC and ICM. Stratification for FIS appears to better identify subgroups that differ in pulmonary and gastrointestinal clinical outcome parameters when compared to SCC or ICM.
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**STRATIFICATION FOR CF DISEASE SEVERITY IN ADULTS WITH CF WITH HOMOZYGOUS F508DEL MUTATIONS BY INTESTINAL ORGANOIDS**

[de Winter ‐ de Groot, K.M.]{.ul} ^1^; van der Meer, R.^2^; van der Wilt, R.E.^1^; Dekkers, F.^1^; Geerdink, M.^1^; Heida‐Michel, S.^1^; Kruisselbrink, E.^1^; Vonk, A.M.^1^; Vries, R.^3,4^; Clevers, H.C.^3,4^; Berkers, G.^1^; de Graaf, E.^5^; Vleggaar, F.^6^; Heijerman, H.^2^; van der Ent, C.K.^1^; Beekman, J.^1^ *1. Pediatric Pulmonology, Wilhelmina Children\'s Hospital ‐ University Medical Center Utrecht, Utrecht, Netherlands* *; 2. Department of Pulmonology & Cystic Fibrosis, Haga Teaching Hospital, Den Haag, Netherlands* *; 3. Hubrecht Institute for Developmental Biology and Stem Cell Research, Utrecht, Netherlands* *; 4. University Medical Center Utrecht, Utrecht, Netherlands* *; 5. Pulmonology, University Medical Center Utrecht, Utrecht, Netherlands* *; 6. Gastroenterology, University Medical Center Utrecht, Utrecht, Netherlands*

**Introduction:** Forskolin‐induced swelling (FIS) of intestinal organoids can be used to measure individual CFTR residual function. The aim of this study is to analyse relations between FIS and clinical outcome parameters in adults with CF with homozygous F508del mutations. This study is part of the HIT‐CF program.

**Methods:** Multicentre observational study. During a study visit subjects underwent a rectal biopsy as well as chest CT and pulmonary function tests. Relevant diagnostic and clinical parameters were collected from all outpatient visits during the five years before the study visit and at the age of 12. Forskolin‐induced swelling (FIS) is measured in cultured intestinal organoids as parameter for CFTR activity.

**Results:** Data of 38 patients with CF were collected and analysed. Subjects whose organoids demonstrate higher FIS values (n=19) versus lower FIS values have higher BMI (19.6 (17.9‐22.5) versus 18.2 (16.4‐19.2) kg/m2, p = 0.008), and tend to have lower Crispin‐Norman scores at chest X‐ray (18.0 (11.5‐20.5) versus 21.5 (17.3‐23.8), p = 0.059) and higher mean FEV1 during the last year (2.6 (2.1‐3.2) versus 1.9 (1.3‐3.0) ltr, p = 0.08).

**Conclusion:** Preliminary data suggest that FIS of intestinal organoids can define clinically distinct subgroups in adult homozygous F508del subjects, implicating CFTR residual function as modifier of disease in subjects with identical CF‐causing mutations.
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**DEVELOPMENT OF NEW NANOLUC LUCIFERASE‐BASED DUAL READTHROUGH/NONSENSE‐MEDIATED MRNA DECAY (DUAL RT/NMD) REPORTERS TO IDENTIFY NEW COMPOUNDS TO TREAT CYSTIC FIBROSIS CAUSED BY NONSENSE MUTATIONS**

[Du, M.]{.ul} ^1,2^; Thrasher, K.^1,2^; Wiley, W.^1,2^; Xue, X.^1,2^; Shakhmatov, M.^1,2^; Liu, D.^1,2^; Keeling, K.M.^1,2^; Bedwell, D.M.^1,2^ *1. Biochemistry and Molecular Genetics, University of Alabama at Birmingham, Birmingham, AL, USA* *; 2. Gregory Fleming CF Research Center, UAB, Birmingham, AL, USA*

In‐frame premature termination codons (PTCs) comprise 11% of all disease‐associated mutations. Translation of PTC‐harboring mRNAs generates truncated proteins that are unstable and/or lack normal function. Drugs have been identified that suppress translation termination at a PTC to restore full‐length protein (also referred to as readthrough of the PTC). A subset of aminoglycosides has been shown to induce PTC readthrough, but the amount of full‐length protein generated by these drugs has not been sufficient to correct the phenotype of many diseases, including cystic fibrosis (CF). Furthermore, aminoglycoside toxicity limits their long‐term clinical use. In addition, PTCs also frequently elicit nonsense‐mediated mRNA decay (NMD). NMD is a conserved mRNA surveillance pathway that preferentially degrades PTC‐containing mRNAs, thereby diminishing the pool of mRNAs available for translation and PTC readthrough. Most current compounds induce PTC suppression or mediate NMD inhibition alone, although a few have the capacity to mediate both responses to some extent. The goal of this study is to develop a reporter system that will allow us to systematically identify new compounds with the ability to simultaneously induce PTC suppression and reduce NMD, which would provide the optimal therapeutic potential for CF patients.

Here, we describe the development and characterization of NanoLuc luciferase‐based dual RT/NMD reporters as well as NMD‐only and RT‐only control reporters in Fischer rat thyroid (FRT) cells. The response of these reporters to PTC suppression and NMD inhibition was tested by the treatment of cells with a variety of PTC suppressors and NMD inhibitors both individually and together. Our results show that NMD inhibition alone increased the NanoLuc luciferase activity and the mRNA abundance expressed from the dual RT/NMD reporter by 1.5‐4 fold. Treatment with a variety of readthrough drugs increased NanoLuc activity 2‐50 fold. Importantly, the combination of NMD inhibitors and readthrough drugs increased NanoLuc activity by as much as 700‐fold (depending on the PTC context and the cell line). The synergistic effect of combining NMD inhibition with readthrough observed with the dual RT/NMD reporter was not seen in the NMD‐only and RT‐only controls. These results demonstrate that this new NanoLuc luciferase‐based RT/NMD reporter system can be used to simultaneously monitor both NMD inhibition and PTC suppression. We anticipate that the use of this system will allow the identification of new, more effective compounds for the treatment of CF in patients that harbor PTCs.
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**LUMACAFTOR/IVACAFTOR IN CF PATIENTS WITH HOMOZYGOUS P.PHE508DEL MUTATIONS: IMPROVING PERSONALIZED MEDICINE UTILIZING INTESTINAL ORGANOIDS**

[Pouw, J.N.]{.ul} ^1^; de Winter ‐ de Groot, K.M.^1^; Berkers, G.^1^; van Mourik, P.^1^; de Graaf, E.^2^; Vries, R.^3,2^; Beekman, J.^1^; Clevers, H.C.^3,2^; van der Ent, C.K.^1^ *1. Wilhelmina Children\'s Hospital, Utrecht, Netherlands* *; 2. University Medical Center Utrecht, Utrecht, Netherlands* *; 3. Hubrecht Institute for Developmental Biology and Stem Cell Research, Utrecht, Netherlands*

**Introduction:** Lumacaftor and ivacaftor combination therapy is expected to debut in the Netherlands in 2016 as standard care for patients above 12 years of age who are homozygous for the p.Phe508del mutation. It is known that drug responses to this therapy may vary significantly and it is not clear yet which patients will benefit most. Recent developments enable us to assess the effects of CFTR‐modifying drugs in vitro with a functional CFTR assay using patient‐derived intestinal organoids (Dekkers JF, et al. Nat Med. 2013;19:939‐45). This assay may facilitate future personalized medicine approaches, by predicting clinical responses based on the effects on the function of CFTR p.Phe508del mutant proteins in organoids. The objective of this project is to evaluate the clinical response to treatment with lumacaftor/ivacaftor in patients with homozygous p.Phe508del mutations and to assess the in vitro‐in vivo correspondence of this response. This project is part of the HIT‐CF program.

**Methods:** We aim to measure treatment effects of two times daily 200/125 mg lumacaftor/ivacaftor therapy after six months of treatment in one hundred and sixty p.Phe508del patients. To evaluate the clinical response, baseline measurements are performed, including quality of life (CFQ‐R), lung function (FEV~1~, expressed as % predicted), body mass index (BMI), sweat chloride concentration (SCC) and rate of pulmonary exacerbations during the preceding period of six months. Concurrently intestinal stem cell cultures will be derived from rectal biopsies, and tested for therapy‐induced activity of the CFTR protein. Subsequently in vitro‐in vivo correspondence of treatment will be evaluated.

**Results:** Currently baseline measurements have been performed in 158 patients. The median age is 23 years (IQR 16‐29) and 52% of the patients are male. The measurements show a large variability in disease severity. The median score of the CFQ‐R respiratory domain is 72.2 (IQR 55.6‐83.3), FEV~1~ 71% predicted (IQR 55‐86), BMI 20.3 kg/m^2^ (IQR 18.6‐22.1) and SCC 95 mmol/L (IQR 89‐101). Preliminary data of in vitro organoid CFTR responses to lumacaftor/ivacaftor show quite variable responses in individual patients. Updated results will be presented at the conference.

**Conclusion:** The results of this project will facilitate personalized medicine approaches for lumacaftor/ivacaftor combination therapy in homozygous p.Phe508del patients with CF, by validating the predictive capacity of drug testing in intestinal organoids in vitro.

**263**

**INHIBITION OF INTERLEUKIN‐8 SIGNALING BY ALPHA‐1 ANTITRYPSIN: SUPPORT FOR THE USE OF AEROSOLIZED ALPHA‐1 ANTITRYPSIN THERAPY IN CYSTIC FIBROSIS**

Dunlea, D.^1^; McElvaney, O.J.^1^; Lacey, N.^1^; White, M.^1^; McCarthy, C.^1^; [Hawkins, P.]{.ul} ^2^; Reeves, E.^1^; McElvaney, N.G.^1^ *1. Medicine, Royal College of Surgeons, Dublin, Dublin, Ireland* *; 2. Beaumont Hosptial, Dublin, Ireland*

**Introduction:** Cystic fibrosis (CF) is characterised by neutrophil‐dominated airway inflammation, in part attributable to the potent chemotactic agent interleukin‐8 (IL‐8). High levels of both neutrophil elastase (NE) and IL‐8 have been found in the bronchoalveolar lavage fluid (BALF) of patients with CF. Alpha‐1 antitrypsin (AAT) is an acute phase protein that possesses both immune regulatory and anti‐inflammatory properties. This glycosylated protein is posttranslationally modified via the addition of N--glycosidically linked oligosaccharides such as sialic acid, giving rise to different glycoforms. The aim of this study was to investigate the ability of AAT versus AAT with increased sialylation (sAAT) to inhibit IL‐8 signaling. The biological consequence of the AAT‐induced inhibition was investigated at the level of neutrophil chemotaxis.

**Methods:** BALF was obtained from patients with CF (n=16) or healthy controls (n=10). The level of IL‐8 in BALF was quantified via ELISA. The active level of NE in CF BALF was quantified by a specific fluorescence resonance energy transfer substrate (FRET). AAT was purified from human plasma using Alpha‐1‐Select Resin. AAT glycoforms were determined by isoelectrical focusing. The ability of AAT or sAAT to inhibit NE (500nM) was determined via FRET. The ability of sAAT or AAT (5μg/mL) to bind IL‐8 (10ng/mL) was determined by slot blot. Neutrophil chemotaxis in response to IL‐8 (10ng/mL) in the presence of AAT or sAAT (1mg/mL) was measured in a Boyden chamber. Statistical significance was obtained by Student\'*s‐t* test, Mann‐Whitney test, or one‐way ANOVA followed by a post hoc Bonferroni test. Ethical approval was granted from Beaumont Ethics committee.

**Results:** Ex vivo analysis demonstrated significantly higher levels of IL‐8 in BALF of patients with CF compared to healthy controls (n=10, p=0.04). The active level of NE found in CF BALF ranged from 2.03 ‐ 18.17nM (n=6). Results of FRET analysis demonstrated no significant difference in the anti‐NE capacity of AAT compared to sAAT (n=3, ns). Slot blot analysis revealed that sAAT bound higher levels of IL‐8 compared to AAT (n=6, p=0.002). The neutrophil chemotactic index in response to IL‐8 was significantly reduced in the presence of sAAT in comparison to AAT (n=3, p\<0.001).

**Conclusion:** In conclusion, this study demonstrates the altered binding capacity of sAAT, as sAAT binds IL‐8 to a greater extent than AAT. By binding this CXC chemokine sAAT modulates neutrophil migration. The results of this study indicate that sAAT can inhibit IL‐8 signaling and further justifies the use of this glycoform of AAT with increased sialic acid residues as an effective aerosolised treatment for CF.

This study was funded by SFI, grant number 11/RFP/BMT/3094.
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**LUMACAFTOR‐IVACAFTOR TOLERANCE IN CYSTIC FIBROSIS PATIENTS HOMOZYGOUS FOR PHE508DEL ***CFTR***: A SINGLE‐CENTER OBSERVATIONAL STUDY**

Taylor, T.^1^; Brown, R.F.^2^; [Tolle, J.]{.ul} ^1^ *1. Medicine, Vanderbilt University, Nashville, TN, USA* *; 2. Pediatrics, Vanderbilt University, Nashville, TN, USA*

**Introduction:** Lumacaftor‐ivacaftor is indicated in the medical management of cystic fibrosis patients homozygous for Phe508del *CFTR*. FEV~1~ increased an average of 2.6‐4.0% in two large randomized controlled trials (TRAFFIC and TRANSPORT, Wainwright CE, et al. N Engl J Med. 2015;373:220‐31). However, there was a significant rate of serious adverse events (17.3‐22.8%), and 4.2% of patients discontinued the medication due to adverse events. Recently reported postmarketing data show that approximately 15% of patients have discontinued the medication within three months (Press release, Vertex Pharmaceuticals 27 Apr 2016). We sought to determine rates of adverse events and discontinuation at our cystic fibrosis center.

**Methods:** Observational analysis of the 451 adult and pediatric (n = 234, 217) patients in the Vanderbilt University Medical Center cystic fibrosis clinic was performed. Patients were analyzed based on their eligibility to receive lumacaftor‐ivacaftor. The medical records of patients who had received the medication were reviewed to determine the date of medication initiation as well as any adverse events experienced. Lastly, records were analyzed to determine if and why the medication had been discontinued. Data were collected through 05/05/2016.

**Results:** Lumacaftor‐ivacaftor was initiated in 25 adults and 9 children (n=34). Of these, 85.3% (n = 21 adults, 8 children) experienced an adverse event, and 23.5% (n = 4 adults, 4 children) experienced a serious adverse event. The most common adverse event was infectious pulmonary exacerbation in 16/29 patients (55.1%) requiring oral or IV antibiotics. Other common adverse events included chest tightness in 9/29 patients (31.0%), diarrhea in 3/29 (10.3%), abdominal pain in 3/29 (10.3%), and dyspnea in 3/29 (10.3%). Medication was discontinued in 29.4% (n = 8 adults, 2 children) of patients due to adverse events. Of those who discontinued, the average duration of therapy was 72.0 (±55.5) days. The most serious adverse event in our clinic population was respiratory failure which occurred on two instances in the same patient both within 24 hours of initiating/reinitiating lumacaftor‐ivacaftor therapy.

**Conclusions:** This report of our single‐center experience describes tolerance of lumacaftor‐ivacaftor in both adult and pediatric patients outside of a randomized controlled trial. We report similar rates of adverse and serious adverse events to the TRAFFIC and TRANSPORT studies; however, we report a much higher discontinuation rate. This difference may relate to medication use by patients in our center whose characteristics deviate from those studies\' inclusion/exclusion criteria. It is also possible that both a participant bias among study subjects towards continuation, as well as the process of clinical decision‐making outside of a research study environment, may contribute to these observed differences in discontinuation rates.
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**BREVENAL INCREASES AIRWAY SURFACE LIQUID IN F508DEL HBE CELLS**

[Falk Libby, E.]{.ul} ^1^; Fortinberry, H.^1^; Birket, S.^1^; Milla, C.^2^; Cohen, I.^3^; Tearney, G.J.^4^; Rowe, S.M.^1^ *1. University of Alabama at Birmingham, Birmingham, AL, USA* *; 2. Stanford University, Palo Alto, CA, USA* *; 3. Silurian Pharmaceuticals, Inc., Oakland, CA, USA* *; 4. Massachusetts General Hospital, Boston, MA, USA*

The volume and composition of the airway surface liquid (ASL), a thin layer of fluid covering the luminal (apical) surface of the airway epithelium, are important in maintaining ciliary function, mucociliary clearance, and antimicrobial properties of the airway. In CF, these homeostatic mechanisms are impaired, leading to a dehydrated and acidic ASL. ASL volume depletion in CF is secondary to defective anion transport by CFTR. Abnormal CFTR‐mediated bicarbonate transport creates an unfavorable, acidic environment, which impairs antimicrobial function and alters mucus properties and clearance. These disease mechanisms create a disordered airway milieu, consisting of thick mucopurulent secretions and chronic bacterial infection. We previously reported that aerosol brevenal, a natural product produced by the dinoflagellate, *Karenia brevis,* augments whole‐lung mucociliary clearance and its surrogate marker, tracheal mucus velocity (TMV), when nebulized to sheep with diminished CFTR activity due to aerosol challenge with CFTRinh‐172 or CFTRinh‐172 with human neutrophil elastase. Brevenal is a potent voltage‐sensitive sodium channel (VSSC) inhibitor (10^‐8^), not yet known to be expressed in epithelial cells. Brevenal does not affect ENaC or CFTR, suggesting it may alter the function of other ion transporters to affect ASL depth and augment mucus clearance. Here, we used one‐micron resolution optical coherence tomography (μOCT) to examine the effect of brevenal on ASL depth in CF primary human bronchial epithelial (HBE) cells homozygous for F508del. At 24 hours, brevenal‐treated (1 μM, basolateral) cells exhibited significantly higher ASL depth (11.02 ± 1.3, P\<0.001) vs vehicle control (7.66 ± 0.6), and compared favorably to treatment with positive control (9.30 ± 0.3) corrector‐potentiator therapy (lumacaftor (VX‐809, 3 μM) and ivacaftor (VX‐770, 10 μM)). Augmented ASL depth was not observed at 6 hours, reflecting the kinetics of this pathway. Compared to baseline, the change in ASL depth at 24 hours with brevenal treatment was 4.00 ± 1.2 (P\<0.05) vs 1.62 ± 0.7 (P=NS) with vehicle control and 3.54 ± 0.4 (P\<0.001) with lumacaftor‐ivacaftor. Brevenal had no effect on ciliary beat frequency (‐0.17 ± 0.3 Hz) after 24 hours. Analysis of changes in mucociliary transport are in progress. Overall, these results indicate that brevenal augments ASL depth without altering ciliary beating in F508del primary HBE monolayers, and is active even when added to the basolateral compartment. This partially explains how brevenal augmented mucociliary transport in sheep, and suggests the need for further mechanistic studies to determine its molecular target. If confirmed, VSSC inhibitors may be a therapeutic target to augment ASL depth in CF. Brevenal may be beneficial as an adjuvant therapy to improve ASL depth and mucociliary clearance in CF patients.
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**THERADUX™, A NOVEL BIOLOGIC DERIVED FROM OPTIMIZED THIOREDOXIN‐1, IMPROVES MUCOCILIARY TRANSPORT IN SITU**

[Falk Libby, E.]{.ul} ^1^; Fortinberry, H.^1^; Birket, S.^1^; Moskowitz, H.^2^; Hill, D.B.^3^; Tearney, G.J.^4^; Rowe, S.M.^1^; Heifetz, P.B.^2^ *1. University of Alabama at Birmingham, Birmingham, AL, USA* *; 2. OrPro Therapeutics, Inc., San Diego, CA, USA* *; 3. University of North Carolina at Chapel Hill CF Center, Chapel Hill, NC, USA* *; 4. Massachusetts General Hospital, Boston, MA, USA*

Poor airway clearance associated with abnormally viscoelastic airway mucus is an important target for CF therapy. Airway mucins are unusually cysteine (Cys)‐rich and show increased intra‐ and inter‐molecular disulfide bonding under oxidizing conditions. However, systemic or inhaled mucolytic agents such as N‐acetyl Cys are general reductants that exhibit poor clinical efficacy, as well as off‐target toxicity and low tolerability. Replacement with more potent and disulfide‐specific enzymatic reductants has the potential to create pharmacologically superior drugs. Human thioredoxin‐1 (Txn) is a highly selective disulfide bond‐reducing enzyme normally secreted into the airway with strong activity on CF sputum viscoelasticity at micromolar concentrations. To optimize Txn as an inhaled agent, we engineered a nonsystemic thiol‐trapping variant (ORP‐100S, Theradux™) to enable stable, covalent linkage to mucin disulfide bonds. Theradux and native Txn both have unusually low Cys thiol pKa (6.3), thus increasing disulfide‐reducing activity several 1000‐fold vs classical thiol agents (pKa 8.7 -- 9.5), which are largely inactive in vivo in the neutral‐to‐acidic CF airway. Previously, we demonstrated that Theradux 1) does not induce inflammation in rats on aerosol inhalation in vivo or in human cells in vitro, and 2) normalizes the viscoelasticity of expectorated human CF sputum to a greater degree than native Txn or other thiol agents. We therefore hypothesized that Theradux will improve mucus transportability. To evaluate this, we used primary human bronchial epithelial (HBE) monolayers to examine mucus transportability in situ following 3‐h treatment with Theradux (1 mM) vs DTT (1.6 mM) and PBS control via one‐micron resolution optical coherence tomography (μOCT). Theradux‐treated cells exhibited increased mucociliary transport (2.18 ± 0.3 mm/min, P\<0.01) vs PBS (0.05 ± 0.007 mm/min) that exceeded the effect of DTT (1.41 ± 0.1 mm/min). Ciliary beating also was increased with Theradux treatment (13.87 ± 0.4 Hz, P=0.06), as observed with DTT (16.17 ± 0.8 Hz) but not vehicle control (10.62 ± 1.1 Hz). Both viscous and elastic moduli of CF HBE mucus were reduced following treatment ex vivo with 1 mM Theradux, and analysis of changes in viscosity in situ are in progress. These results indicate that reducing disulfide bonds by Theradux increases mucus transportability, and suggest that Theradux may be a potential CF treatment by acting as an efficacious modifier of excess mucin viscoelasticity while optimized for activity across a broad airway pH microenvironment.
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**NMD INHIBITION IMPROVES THE OUTCOME OF CORRECTOR AND POTENTIATOR TREATMENTS FOR THE NONSENSE MUTATIONS EXPRESSING COMPLEX GLYCOSYLATED TRUNCATED PROTEIN**

[Sharma, N.]{.ul}; Pellicore, M.; Evans, T.; Davis, E.; McCague, A.; Han, S.T.; Gottschalk, L.; Raraigh, K.S.; Sosnay, P.R.; Cutting, G.R. *Institute of Genetic Medicine, JHU, Baltimore, MD, USA*

Nonsense mediated mRNA decay (NMD) operates with variable efficiency and does not completely degrade all transcripts containing nonsense mutations. We have tested the hypothesis that nonsense mutations vary in their effect on mRNA stability and protein synthesis and that this information can be used to inform treatment.

First, we determined mRNA and protein characteristics of 18 nonsense mutations selected from exons 22, 25, 26 and 27 of CFTR. We have utilized expression minigenes that contain full‐length or abridged introns into the plasmid containing CFTR cDNA. We observed significant reduction in CFTR transcript generated from 14 mutations. Protein processing in Flp‐in 293 cells revealed that 2/9 mutant proteins from exon 22, and 7/9 from exons 25‐27 were core glycosylated; while 7/9 from exon 22 and 2/9 from exons 25‐27 were complex glycosylated. Localization studies in polarized MDCK cells revealed that core‐glycosylated truncated proteins were cytosolic in distribution; while complex‐glycosylated truncated proteins had both basolateral and apical distribution.

Second, residual CFTR function retained by the truncation mutations (n=11) was determined by short‐circuit current (Isc) measurements in MDCK Flp‐in stable cell lines. Truncation mutations fell into three broad groups: (A) Four mutations (eg, R1158X) that produced core‐glycosylated protein generated currents \<1%; (B) Five mutations (eg, S1196X) that synthesized truncated glycosylated protein generated currents 1‐5%; and (C) Two mutations in the very last exon (eg, S1455X) generated currents \>35% of WT CFTR.

Next, we evaluated whether CFTR truncated proteins can be corrected and/or potentiated. Isc values relative to WT after a combination treatment of VX‐809 (3 μM/48 h) and VX‐770 (10 μM/acute) showed: No improvement in R1158X from group A, 25.2±3.4% in S1196X from group B, and 61.2.5±5.1% in S1455X from group C.

Lastly, we tested the role of NMD inhibition in the final outcome of corrector and potentiator therapy. R1158X didn\'t show any improvement in chloride transport after 18 h treatment with either caffeine (10 mM) or azacytidine (1.56 μM). Interestingly, both caffeine and azacytidine in combination with VX‐809+VX‐770 resulted in 43.5±5.1% and 37.5±3.9% increase respectively in Isc values of S1196X.

Taken together, nonsense mutations that permit translation of stable glycosylated proteins can be corrected and /or potentiated to therapeutic levels. Their response to the small molecule corrector and potentiator treatments is further augmented by NMD inhibition.

This work was supported by the CFF, MDBR and NIH.
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**HIGH‐THROUGHPUT SCREENING FOR READTHROUGH MODULATORS OF CFTR PTC MUTATIONS Y122X AND W1282X**

Haibo, S.^1^; Wong, E.^1^; Jordan, N.J.^1^; Fitzpatrick, L.M.^1^; Hong, J.S.^2^; Rab, A.^2^; Sorscher, E.J.^3^; [Liang, F.]{.ul} ^1^; Mense, M.^1^ *1. CFFT, Lexington, MA, USA* *; 2. UAB, Birmingham, AL, USA* *; 3. Emory University School of Medicine, Atlanta, GA, USA*

Great progress has been made in the development of disease modifying therapies for cystic fibrosis (CF). Ivacaftor and lumacaftor not only provide proof‐of‐concept for CFTR as a therapeutic target, but they also deliver first‐in‐class medicines for more than 50% of CF patients. Nonsense or premature termination codon (PTC) mutations are found on at least one allele in approximately 10% of CF cases overall. There is an urgent unmet need of therapeutic development for *CFTR* mutations in this class.

We have developed high‐throughput screening assays for *CFTR* nonsense mutation readthrough modulators based on the trafficking of CFTR. A reporter, horseradish peroxidase (HRP), is fused into an extracellular loop of CFTR. Such construct allows a robust readout for CFTR at the cell surface. Stable cell lines expressing the CFTR‐HRP fusion proteins have been generated in FRT cells. Three assays have been developed representing CFTR PTC mutants Y122X, G542X, or W1282X. Y122X results in a UAA (ochre) stop codon, while both G542X and W1282X mutations are UGA (opal) stop codons. In the HTS assays existing readthrough modulators, such as geneticin (G418) and gentamicin, increase the reporter signal in a dose‐dependent manner.

Approximately eighty thousand compounds have been screened on two PTC mutants (Y122X and W1282X) of CFTR. The hit rates at the cutoff of 50% over vehicle are 1.9% and 1.4% for CFTR Y122X and CFTR W1282X, respectively. The overlap of the two hit sets at this stringent hit threshold is relatively small, about 20% of the hits from Y122X screen were hits also in the W1282X screen. The overlap increases to ˜50% if compounds are included that in the second screen achieve only the least stringent hit criterion, ie, HRP activity greater than three standard deviations above the mean of the negative control.

Current efforts aim to identify readthrough agents that are efficacious for multiple PTC mutations of CFTR. Hit confirmation in the original screening assays is almost complete. Hit profiling in three assays, representing Y122X, G542X, and W1282X mutations of CFTR, will help identify hits with pan‐PTC efficacies. Given that essential cellular processes involved in translation are potentially impacted in the readthrough of PTC mutations, we also test the hits for cytotoxicity. Our initial results demonstrate a high hit confirmation rate with complex hit profiles due to the apparent differential allelic preference. Full‐length readthrough products of CFTR have been detected when FRT cells expressing CFTR Y122X were incubated with a hit compound. Ongoing hit analysis, by means of analyzing readthrough protein products and mRNA levels, targets clustering confirmed hits and will cast light on mechanism‐of‐action and therapeutic potential of the hits.
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**MOLECULAR ANALYSIS OF THE CFTR W1282X MUTATION**

[Manfredi, C.]{.ul} ^1^; Rab, A.^2^; Joshi, D.^1^; Wang, W.^2^; Kirk, K.^2^; Saltz, J.^3^; Mense, M.^3^; Mahiou, J.^3^; Sorscher, E.J.^1^; Hong, J.S.^2^; Ehrhardt, A.^1^ *1. Pediatrics, Emory University, Atlanta, GA, USA* *; 2. University of Alabama at Birmingham, Birmingham, AL, USA* *; 3. Cystic Fibrosis Foundation Therapeutics, CFFT Lab, Lexington, MA, USA*

This study was intended to characterize features of molecular pathogenesis related to W1282X CFTR protein folding and channel gating. Based on expression protocols using isogenic Flp‐In^™^‐derived Fischer rat thyroid (FRT) cells, W1282X (truncated) protein levels were markedly diminished compared to wild‐type, and partially rescued by chronic treatment with VX‐770 and VX‐809. Prolonged incubation with G418 accentuated increases in both W1282X mRNA and protein, in a fashion unrelated to translational readthrough. In addition, W1282X protein could be increased with proteasome inhibitors ALLN or MG132, demonstrating importance of proteasomal degradation of the truncated mutant. In order to determine amounts of W1282X CFTR at the cell surface under various conditions, a horseradish peroxidase (HRP) tag was inserted on an externally directed segment of W1282X CFTR. Cell‐based chemiluminescence and FACS were then performed to monitor surface expression of CFTR‐HRP following exposure to correctors and/or potentiators. Chronic treatment with VX‐809 marginally increased the HRP signal. However, combined treatment with VX‐809 and VX‐770 resulted in marked enhancement of HRP by 30‐ or 27‐fold in the presence or absence of G418, respectively. Flow cytometry supported these findings, indicating that CFTR W1282X‐HRP traffics minimally to the cell surface, but can be augmented when CFTR modulators are given in combination. We and others have reported previously that W1282X CFTR maintains low level residual function as an ion channel. Ussing chamber studies demonstrate that treatment with either VX‐770 or VX‐809 acutely induces activation. We also show that W1282X CFTR exhibits a significant channel gating defect, and activity in the membrane patch can be substantially increased by VX‐770 or curcumin. Taken together, our results suggest that CFTR truncated at position 1282 leads to protein that is poorly functional. We speculate that absence of the carboxy terminal PDZ domain and/or portions of NBD2 that participate in domain swapping may confer defects in overall stability. Small molecules developed to address the W1282X mutation may therefore be required to: 1) improve mRNA stability, 2) enhance protein maturation, and 3) overcome abnormal channel gating. This is in addition to promoting readthrough of the nonsense codon. In summary, our evaluation provides a framework for drug discovery relevant to W1282X and other prematurely truncated CFTRs. (Funded by CFF and NIH.)
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**IDENTIFICATION OF AMINO ACIDS INSERTED DURING SUPPRESSION OF CFTR NONSENSE MUTATIONS AND THEIR FUNCTIONAL CONSEQUENCES**

[Benson, D.]{.ul} ^1,2^; Xue, X.^1,2^; Mutyam, V.^3,2^; Mobley, J.^4^; Rowe, S.M.^3,2^; Keeling, K.M.^1,2^; Bedwell, D.M.^1,2^ *1. Biochemistry and Molecular Genetics, University of Alabama at Birmingham, Birmingham, AL, USA* *; 2. Gregory Fleming James Cystic Fibrosis Research Center, Birmingham, AL, USA* *; 3. Medicine, University of Alabama at Birmingham, Birmingham, AL, USA* *; 4. Surgery, University of Alabama at Birmingham, Birmingham, AL, USA*

In‐frame premature termination codons (PTCs) account for 11% of all disease‐associated mutations. PTC suppression therapy utilizes small molecules that suppress translation termination at PTCs to partially restore synthesis of full‐length proteins. PTC suppression is mediated by base pairing of a near‐cognate aminoacyl‐tRNA with a PTC. However, little is known about the identity of the amino acids inserted during PTC suppression in mammalian cells, or how the sequence context surrounding PTCs influences amino acid incorporation.

Here we used a reporter system to determine the amino acids inserted at the CFTR‐G542X and CFTR‐W1282X PTCs (both UGA codons) in the context of their natural three upstream and downstream CFTR codons during G418‐mediated suppression. Tandem mass spectrometry (MS‐MS) revealed that leucine (58%), cysteine (38%) and tryptophan (4%) are inserted in the CFTR‐W1282X context following UGA suppression. Interestingly, these amino acids and their proportions are significantly different from those identified following suppression of the CFTR‐G542X UGA mutation, which are cysteine (44%), tryptophan (36%) and arginine (20%). These results demonstrate for the first time that the local sequence context plays a key role in determining the amino acids inserted during PTC suppression (and their relative proportions). We found that some of the variants generated by suppression exhibit reduced CFTR maturation and activity compared to wild‐type CFTR. Both a CFTR corrector (VX‐809) and potentiator (VX‐770) enhanced activity of many of the variants induced by G418‐mediated suppression. These results suggest that PTC suppression in combination with CFTR modulators may be beneficial for the treatment of CF patients with PTCs. We are in the process of validating reporters to determine the amino acids that are inserted during suppression of the CFTR‐R553X and CFTR‐R1162X PTCs and their effect on CFTR function. In addition, we are also constructing reporters to examine suppression at other PTCs that have been identified in CF patients. These studies provide important mechanistic details of PTC suppression to aid the selection of more effective drugs that are tailored to specific CFTR nonsense mutations.
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**AMELIORATION OF CYSTIC FIBROSIS INTESTINAL MANIFESTATIONS BY LINZESS**

[McHugh, D.]{.ul} ^1,2^; Vitko, M.^1,2^; Valerio, D.^2^; Kelley, T.^2^; Cotton, C.^2^; Stern, R.^2^; McBennett, K.^2^; Hodges, C.A.^2,1^ *1. Genetics and Genome Sciences, Case Western Reserve University, Cleveland Heights, OH, USA* *; 2. Pediatrics, Case Western Reserve University, Cleveland, OH, USA*

**Rationale:** Almost half of all CF patients experience some form of intestinal obstruction during their lifetime including meconium ileus, distal intestinal obstruction syndrome or the less severe but underdiagnosed constipation. Current treatments vary in the degree of effectiveness from patient to patient and new therapies are necessary. Linzess, a novel drug used the treatment of irritable bowel syndrome with chronic constipation, has not been widely prescribed in CF patients to treat intestinal issues since activation of CFTR is thought to be the main mechanism of action. The aim of this study was to test the effectiveness of Linzess in treating intestinal obstructions in CF and if effective, identifying the CFTR‐dependent or CFTR‐independent mechanism of action.

**Methods:** Linzess increases intestinal luminal water content as an agonist for the guanylate cyclase C receptor, increasing cGMP and activating CFTR. To test for activation of mutant CFTR at the epithelial membrane, intestines from CF mice carrying the *F508del* mutation were utilized to test for improvements in CFTR activation, intestinal motility, intestinal fluid transport, small intestinal bacterial overgrowth and intestinal histology. Intestines from CF mice carrying a null *Cftr* allele were also utilized to test for possible CFTR‐independent mechanisms of improving the CF intestine.

**Results:** Intestinal short‐circuit current (I~sc~) indicating CFTR function was measured in Ussing chambers utilizing intestinal sections from wild‐type (WT) and *F508del* mice. After exposure to Linzess (10μM), WT intestines displayed significant increases in I~sc~ (35 μA/cm^2^) while F508del intestines displayed no increase in I~sc~. CF mice display significantly slowed intestinal transit compared to WT mice (2.82±0.27 vs 6.16±0.32 geometric center of fluorescence (GCF); P\<0.05). After one exposure to Linzess (50μg/kg) both F508del and null CF mice displayed significantly improved intestinal transit (5.74±0.41 and 5.16±0.39 GCF respectively; P\<0.05 compared to untreated CF). Studies are ongoing to investigate additional aspects of intestinal CF improvement such as intestinal fluid transport, small intestinal bacterial overgrowth and intestinal histology. In addition, 7 out of 10 CF patients at our CF center who have received the FDA‐approved Linzess have reported improved intestinal symptoms.

**Conclusions:** Linzess is effective in improving CF intestinal manifestations through a CFTR‐independent mechanism. Intestines from CF mice carrying either the *F508del* or null *Cftr* alleles displayed improved intestinal transit and increased fluid retention. Initial studies suggest that Linzess may block intestinal sodium absorption in the CF intestine improving the CF intestinal environment and possibly decreasing intestinal obstructions.
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**QUANTITATIVE CD64 MEASUREMENT AS A DIAGNOSTIC ASSAY FOR ACUTE PULMONARY EXACERBATIONS**

Caceres, S.^1^; [Lebo, T.]{.ul} ^2^; Merkel, P.A.^3^; Poch, K.^1^; Rysavy, N.M.^1^; O\'sullivan, M.^5^; Nick, J.A.^1,4^; Knight, V.^1,3^; Saavedra, M.T.^1,4^ *1. Medicine, National Jewish Health, Denver, CO, USA* *; 2. Advanced Diagnostics Laboratories, National Jewish Health, Denver, CO, USA* *; 3. Division of Pathology, National Jewish Health, Denver, CO, USA* *; 4. Division of Pulmonary Sciences and Critical Care Medicine, University of Colorado School of Medicine, Denver, CO, USA* *; 5. Immunology, Princess Margaret Hospital for Children, Perth, WA, Australia*

**Background:** Progression of CF lung disease is induced by episodic infectious events called acute pulmonary exacerbations (PEx). These episodes indicate either acquisition of new bacterial infection or a change in the density of previously colonizing bacteria. PEx are poorly defined and difficult to diagnose in the setting of chronic inflammation. Currently, there is no biochemical test to diagnose CF pulmonary exacerbations and no consensus diagnostic criteria for what constitutes an exacerbation. Neutrophil CD64 expression is highly specific to acute infection, even on a background of chronic inflammation, and is diagnostic of acute bacterial infection in subjects with sepsis and rheumatoid arthritis. We hypothesized that a quantitative flow cytometry assay to measure CD64 expression directly off circulating CF neutrophils could sensitively predict acute exacerbations and reflect neutrophil phagocytic activity at the time of acute exacerbation.

**Methods:** CF patients in baseline health and diagnosed with PEx were enrolled under an IRB approved protocol. PEx patients were diagnosed based on current CFF guidelines by a faculty member of the Colorado Adult CF Program. Blood samples from CF patients and healthy controls were stained with CD64 and CD14 antibodies. CD64 expression on neutrophils was quantitated utilizing Quantum MESF beads in a FACSCanto II at a CAP/CLIA, ISO5189 certified laboratory in National Jewish Health. Phagocytosis activity of isolated neutrophils was measured with the CytoSelect phagocytosis assay (Cellbiolabs, CA), under baseline and interferon stimulated conditions. Cytochalasin D was used as the phagocytosis‐inhibitor control. Superoxide anion generation by neutrophils was measured by the reduction of cytochrome C.

**Results:** To date, CD64 measurements in 79 patients (39 baseline and 40 PEx) and 10 healthy non‐CF subjects have demonstrated differences between the expression of CD64 in PEx and baseline patients (p\<0.05), as well as PEx patients and healthy non‐CF subjects (p\<0.005). When comparing ability to phagocytose heat‐inactivated *E. coli*, circulating neutrophils in PEx patients showed significant differences when compared to CF patients at baseline (n=17, p\<0.05). PEx neutrophils also demonstrated reduced capacity to generate superoxide anion, when compared to CF subjects in baseline health.

**Conclusions**: Neutrophil CD64 is a promising candidate in the diagnosis of pulmonary exacerbations. The test can be run on only 100 μl of whole blood and results are available within 24‐48 hours, from a CAP/CLIA, ISO5189 certified laboratory. Circulating CF neutrophils at the time of exacerbation, and differences in oxidative burst and phagocytosis activity are directly assayable from peripheral blood.

Study supported by the Colorado Bioscience Discovery Evaluation Program.
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**MOLECULAR MECHANISM OF AIRWAY HYPER‐RESPONSIVENESS IN CYSTIC FIBROSIS**

[Cook, D.P.]{.ul} ^1,2^; Stroik, M.^2^; Adam, R.^3^; Reznikov, L.^2^; Gansemer, N.D.^2^; Meyerholz, D.K.^4^; Stoltz, D.A.^1,2,3^ *1. Molecular Physiology and Biophysics, University of Iowa, Iowa City, IA, USA* *; 2. Internal Medicine, University of Iowa, Iowa City, IA, USA* *; 3. Biomedical Engineering, University of Iowa, Iowa City, IA, USA* *; 4. Pathology, University of Iowa, Iowa City, IA, USA*

Abnormal airway smooth muscle (ASM) function is thought to contribute to airway hyperreactivity. In cystic fibrosis (CF), airway hyper‐responsiveness has been frequently reported and suggests that an altered ASM physiology may contribute to CF airway disease. We have previously shown that the newborn *CFTR‐/‐* pig displays ASM abnormalities prior to the onset of inflammation or infection including increased basal tone, increased bronchodilator response, and decreased calcium reuptake. The goals of this study were to: 1) identify whole genome transcriptional and proteomic changes in porcine CF ASM prior to airway inflammation and infection, 2) investigate whether specific pathways are associated with CF airway reactivity, and 3) determine if the CF pig ASM transcriptome can be used to identify potential ASM therapeutics for CF and other airway narrowing diseases. Total RNA sequencing of newborn non‐CF and CF ASM revealed differential and significant changes in muscle contraction related genes, ontologies, and pathways. High‐throughput ELISA protein comparisons between non‐CF and CF ASM cells revealed complementary pathway dysregulation. The genomic and proteomic signatures were used to perform pathway analysis. Large‐scale changes in transcript, protein abundance, and phosphorylation status were significantly different in PI3K/AKT and MAPK controlled pathways in CF samples. PYK2, a calcium‐sensitive tyrosine kinase known to be an upstream regulator of both PI3K/AKT and MAPK pathways, showed increased phosphorylation status suggesting increased activity. We then used a small molecule inhibitor of PYK2 to test whether blocking PYK2 activation could alter airway contractility. Wild‐type precision cut lung slices pretreated with the kinase inhibitor demonstrated decreased airway narrowing in response to cholinergic stimulation compared to DMSO controls. Additionally, pretreatment with the compound in isolated wild‐type smooth muscle strips diminished force production and decreased myosin light chain phosphorylation. These studies show that loss of CFTR in ASM causes genome‐wide transcriptional and proteomic changes, including expected alterations in muscle contraction transcripts and proteins. Analysis of transcriptional and proteomic changes revealed significant dysregulation of PI3K/AKT and MAPK pathways suggesting a basis for changes in contractile machinery, cytoskeletal arrangement, and transcription factor activity. Additionally, we were able to identify a novel tyrosine kinase inhibitor that can modulate ASM function. By recognizing the newborn CF pig as a model of ASM hyperreactivity absent inflammation, we can enhance our molecular understanding of ASM biology and pathophysiology in addition to discovering novel therapeutics for airflow limitation. Supported by American Asthma Foundation.
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**A SURROGATE MARKER FOR EXACERBATIONS AND AN ANALYSIS OF INDOLEAMINE 2, 3‐DIOXYGENASE ACTIVITY IN CYSTIC FIBROSIS PATIENTS**

[Vazquez, J.]{.ul} ^1^; Betancourt, M.^1^; Forseen, C.^2^; Manavathu, E.^1^ *1. Infectious Diseases, Medical College of Georgia, Augusta, GA, USA* *; 2. Pulmonary, Medical College of Georgia, Augusta, GA, USA*

**Background:** Indoleamine 2,3‐dioxygenase (IDO) catalyzes the conversion of tryptophan (T) to kynurenine (K). Elevated levels of IDO have been detected in association with respiratory diseases, including cystic fibrosis (CF). The increased level of IDO activity during infection is believed to be due to the host cells and the pathogen(s). The increased levels of IDO modulates the immune response against microbial pathogens in chronic infections, including respiratory diseases such as CF. Since active infection in CF patients is associated with exacerbation (EXBN) we hypothesized that elevated levels of IDO would be detected in the plasma of CF patients during an EXBN. The primary objective of this study was to examine the level of IDO activity by determining the relative amounts of K and T in plasma of CF patients with and without EXBN.

**Methods:** Heparinized blood was collected from control (CONT) and EXBN CF patients. Plasma was collected, treated with trichloroacetic acid and the clear supernatant was used to determine K and T levels. K and T were separated on a C18 RP column (4.5 mm x 150 mm) using a Shimadzu HPLC system (mobile phase: 15 mM acetic acid‐sodium acetate (pH 4.0) with 2.7% acetonitrile, 1.0 mL/min). HPLC grade K, T and 3‐nitro‐L‐tyrosine were used as external and internal standards. K (360 nm) and T (278 nm) were detected using a UV detector. The K and T levels were determined from standard curves. The K/T ratio which represents the relative activity of IDO was calculated from the K and T levels for each patient.

**Results:** Detectable levels of K and T were observed in 14 patients each in either CONT or EXBN groups. The mean K levels in the CONT and the EXBN patients were 1.29±0.17 μM (range 1.01‐1.70 μM) and 1.47±0.55 μM (range 1.02‐3.08 μM), respectively. Similarly, the mean T levels in the CONT and the EXBN patients were 21.38±5.72 μM (range 12.60‐36.34 μM) and 17.38±6.72 μM (range 6.55‐30.03 μM), respectively. The mean K/T ratio for the CONT and the EXBN patients were 0.0359±0.0115 (range 0.0213‐0.0585) and 0.0556±0.0341 (range 0.0221‐0.1346), respectively. A comparison of the K/T ratio for the CONT and the EXBN patients showed that it is significantly higher (p=0.0504) in the EXBN patients.

**Conclusions:** The K/T ratio which represents the relative activity of IDO was significantly higher in CF patients with EXBN compared to non‐EXBN patients. The plasma level IDO activity has the potential to be used as a biomarker for the onset of EXBN in CF patients.
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**IMPROVED HOMOGENEITY OF PARTICLE DEPOSITION AND MUCOCILIARY CLEARANCE FOLLOWING IVACAFTOR TREATMENT IN CYSTIC FIBROSIS**

Bennett, W.D.^1^; Zeman, K.L.^1^; Laube, B.^2^; Wu, J.^1^; [Mogayzel, P.J.]{.ul} ^2^; Donaldson, S.H.^1^ *1. Medicine, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA* *; 2. Pediatrics, Johns Hopkins University, Baltimore, MD, USA*

**Introduction:** Ivacaftor, an oral CFTR potentiator therapy developed by Vertex Pharmaceuticals, Inc., was recently shown in a multisite study to improve both mucociliary clearance (MCC) and lung function after 1 and 3 months of treatment in cystic fibrosis (CF) patients with the G551D mutation (Rowe SM, et al. Am J Repir Crit Care Med. 2014;190(2):175‐84). In our initial analysis of whole lung MCC by gamma scintigraphy we were unable to determine whether MCC was improved only in the previously well‐ventilated regions of lung or whether improved ventilation following treatment may have also allowed for enhanced MCC from lung regions where particles could not previously deposit.

**Methods:** More recently we applied new analytical methods for determining heterogeneity of deposition and time‐dependent retention on a pixel‐by‐pixel basis at two participating sites (UNC and JHU) where fiducial markers were used to accurately align the gamma scintigraphy images. At baseline and 1 month after beginning treatment with ivacaftor in CF patients with the G551D mutation (n=13), deposition and retention images were obtained immediately following inhalation of radiolabeled particles (Tc99m‐sulfur colloid, 5μm MMAD) under controlled breathing conditions, and after 60 minutes of particle clearance.

**Results:** We found improved homogeneity of deposition, ie, decreased regions of higher (hot) and lower (cold) particle deposition in the lungs (Bennett WD, et al. J Aerosol Med Pulm Drug Deliv. 2015;28:211‐8), following ivacaftor treatment; mean number ratio (NR) of hot pixels relative to lung size decreased from 0.14 to 0.09 (p=0.005) and mean NR of cold from 0.23 to 0.19 (p=0.001). Both NR of hot and cold pixels were significantly correlated with FEV1%pred for all subjects pre‐ and postivacaftor treatment. In other words, following ivacaftor treatment there were 1) fewer sites of obstruction associated with particle deposition by impaction (ie, decreased hot regions); and 2) recruitment of previously unventilated lung units during particle inhalation (ie, decreased cold regions). Whole lung clearance was improved following treatment, mean clearance through 60 min = 10 vs 25% (p \< 0.05). Pixel‐level analysis of clearance showed that the fraction of noncold pixels clearing greater than 30% at 60 min was increased from 0.13 to 0.32 (p=0.002), indicating recruitment of more fast‐clearing regions with ivacaftor treatment.

**Conclusions**: Ivacaftor treatment in CF with the G551D mutation improves 1) homogeneity of particle deposition, likely due to improved regional ventilation; and 2) clearance from a greater fraction of the whole lung, findings that may enhance understanding of the mechanism of action for ivacaftor. Furthermore, the image analysis methods used here may provide more sensitive measures of changes in deposition and mucociliary clearance associated with therapeutic intervention in patients with airways disease.

Supported by CF Foundation and NIH P01 HL108808.
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**IVACAFTOR‐INDUCED CHANGE IN NASAL POTENTIAL DIFFERENCE COMPARED TO NASAL CELL FORSKOLIN RESPONSE IN G551D CF PATIENTS**

[Gonska, T.]{.ul} ^1,2^; Avolio, J.^1^; Ip, W.^1^; Ouyang, H.^1^; Ratjen, F.^1,2^; Tullis, E.^3^; Moraes, T.J.^1,2^ *1. The Hospital for Sick Children, Toronto, ON, Canada* *; 2. Paediatrics, University of Toronto, Toronto, ON, Canada* *; 3. Adult CF Centre, St. Michael\'s Hospital, Toronto, ON, Canada*

**Introduction:** Nasal potential difference (NPD) measurements are believed to reflect in vivo function of cystic fibrosis transmembrane conductance regulator (CFTR) protein. NPD showed significant changes in ivacaftor‐treated G551D patients in phase 2 clinical trials. Nasal cell culture techniques are being used as a new model system to predict clinical responses to CFTR‐modifying drugs.

**Objective:** To compare the ivacaftor‐induced change in NPD in G551D patients to the ivacaftor‐induced change in CFTR--mediated currents in nasal cells generated from the same patients.

**Method:** NPD was performed at baseline and 6 months following start with ivacaftor treatment in 8 CF patients (G551D/F508del (4), G551D/E585X (1), G551D/Unknown (2), G178R/F508del (1); age range 11‐52 years). The voltage response to perfusion with a chloride‐free and isoproterenol containing solution was used as functional CFTR read‐out (ΔIso/Cl‐free, best response of both nostrils). At our centre ΔIso/Cl‐free is considered normal when \<‐12mV, abnormal when \>‐7.7mV and intermediate for results between ‐7.7 and ‐12mV (Keenan K, et al. J Cyst Fibros. 2015;14:310‐6). Nasal cells were obtained from nasal brushing of 9 CF patients at baseline (+ G551D/F508del (2)), expanded and then grown in air‐liquid interface. CFTR--mediated currents were measured as forskolin‐induced currents (Ieq‐FSK) following ENaC inhibition in Ussing chambers. For 7 CF patients NPD and nasal cell function were available.

**Results:** Following 6‐months treatment with ivacaftor, the ΔIso/Cl‐free response changed by a mean of ‐8.54mV, 95% confidence interval (CI) ‐13.5; ‐3.6, p=0.005 (paired t‐test). At baseline ΔIso/Cl‐free results of all 8 patients were within the CF diagnostic range. Ivacaftor treatment increased the ΔIso/Cl‐free response of one patient to healthy control range (‐18.4mV in a G551D/F508del patient) and of another patient to the intermediate range associated with a CFTR‐related disorder (‐10.4mV in a G551D/Unknown patient). In nasal cell cultures addition of VX‐770 (ivacaftor) increased Ieq‐FSK by mean, ‐2.8 μA/cm^2^, 95% CI ‐4.5;‐1.1 μA/cm^2^, p=0.005 (paired t‐test). Ieq‐FSK response to ivacaftor in nasal cells did not correlate with the ivacaftor‐induced changes in NPD (p=0.7).

**Conclusion:** Both NPD and nasal epithelial cells display significant changes to ivacaftor, but responses were variable in individual CF patients. Absence of correlation between these tests may be explained by differences in methodologies to assess CFTR function, small sample size as well as by the impact of adherence to ivacaftor therapy on the NPD results.

The study was partly funded by Vertex Pharmaceuticals.
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**NEW STRATEGIES FOR MEASURING MUCOCILIARY CLEARANCE (MCC) IN THE SMALL AIRWAYS AND APICES OF CYSTIC FIBROSIS LUNGS**

[Bennett, W.D.]{.ul}; Zeman, K.L.; Wu, J.; Salazar, C.; Shive, N.; Trimble, A.; Donaldson, S.H. *Medicine, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA*

**Introduction:** The prevailing hypothesis to explain the pathogenesis of CF lung disease links dysregulated ion transport to the eventual disruption of mucociliary clearance (MCC). Accordingly, we have been using gamma scintigraphy following controlled inhalation of radiolabeled particles to characterize MCC in CF (Donaldson SH, et al. Proc Am Thorac Soc. 2007;4:399‐405). Recently we have attempted to improve our methodologies to allow better assessment of MCC from regions of the lung affected in early CF lung disease, the small airways and the apical lung regions. In healthy subjects we have shown that large particles (9.5 μm) inhaled very slowly (0.08 LPS) (SILP method) bypass the extrathoracic airways and more efficiently deposit in the bronchial airways when compared to standard tidal breathing (0.5 LPS) of 5 μm particles (TB method) (Zeman KL, et al. J Aerosol Med Pulm Drug Deliv. 2010;23:363‐9). Finally, we hypothesized that having CF patients inhale the radioaerosol in the supine position, to remove the gravitational dependence of ventilation to the base of the lungs, would enhance our ability to measure MCC from the lung apices.

**Methods:** Two groups of adult CF patients (n=14 for each) inhaled radioaerosol using either the SILP or TB method followed by gamma camera imaging over a period of 24 hours. A subgroup of the SILP group (n=9) was studied twice such that a baseline measure of MCC was compared to that measured with a 7% hypertonic saline (HS) challenge performed between 90 min and 6 hours after radioaerosol inhalation, when the majority of residual tracer is expected to be in the small airways. In a second small group of patients (n=6) MCC and regional deposition was measured following SILP inhalation in a sitting vs supine position.

**Results:** Under baseline conditions the change in clearable fraction associated with small airway clearance, 90min‐24h post radioaerosol deposition, was greater for the SILP vs TB method, 0.15+/‐0.09 vs 0.08+/‐0.07, p\<0.05. Using the SILP method we found HS challenge dramatically enhanced small airway clearance (% clearance between 90 min and 6 hours) by 3‐fold, 8.4+/‐4.6 baseline vs 25.2+/‐7.8 HS (p \< 0.001). Furthermore the HS challenge increased the small airway clearable fraction from 0.15 to 0.22 (p= 0.07) in this subgroup of patients. Finally we found that there was no change in apex/base deposition of radioaerosol when inhaled sitting vs supine inhalation (0.22+/‐0.09 vs 0.24+/‐0.13 respectively). Neither was there a difference in MCC for the two different inhalation positions.

**Conclusions:** The SILP method provides a greater signal for measuring small airway clearance from CF lungs than the TB inhalation method. During the period we defined as being dominated by small airway retention, both clearance rate and clearable fraction were dramatically enhanced by acute HS treatment. Finally, inhalation with the SILP method in the supine position did not target more of the radioaerosol to the apical lung regions to allow better measure of MCC from this region. Overall these data suggest that the SILP method is superior to the existing TB method for testing of therapeutics aimed at enhancing MCC from the small airways in CF.

Supported by the CF Foundation.

**278**

**TIME TO SEE THE DENTIST: ORAL HEALTH STATUS IN PEDIATRIC CYSTIC FIBROSIS PATIENTS**

[Antos, N.J.]{.ul} ^1^; Abu‐Zahra, R.^2^; Kump, T.E.^1^; Angelopoulou, M.^3^ *1. Dept. of Pediatrics, Medical College of Wisconsin, Milwaukee, WI, USA* *; 2. Children\'s Dental Clinic, Children\'s Hospital of Wisconsin, Milwaukee, WI, USA* *; 3. School of Dentistry, Marquette University, Milwaukee, WI, USA*

**Introduction:** Despite the multisystem approach to treating cystic fibrosis (CF), there are few recommendations or screening programs specifically addressing CF oral health. Various CF treatments can affect oral health, including regular high calorie snacks/supplements, inhaled treatments, antibiotics, and surgeries. Oral findings such as dental caries and enamel defects may be a result of CF disease and/or treatments. Only 2 US studies have reported oral health in CF patients, both in the late 1970s. Our aim is to report the oral health status of CF patients at a US CF center.

**Methods:** A cross‐sectional sample of 20 CF patients from the Children\'s Hospital of Wisconsin CF Center were enrolled, aged 6‐18 years old (mean 12.2 years). Dental caries, enamel defects, plaque and gingivitis were assessed by two calibrated pediatric dentists using a WHO probe, mirror and artificial light. Age, gender, medical history, treatments/surgeries and oral health behaviors were collected by questionnaire. Oral health assessment included a.) dental plaque via Greene‐Vermillion Oral Hygiene Index, b.) gingivitis via Community Periodontal Index of Treatment Needs (GI‐s), c.) enamel defects via Developmental Defects of Enamel Index, d.) dental caries via Decayed‐Missing‐Filled Teeth Index (DMFT) with International Caries Detection and Assessment System II criteria.

**Results:** In the CF children, 25% had caries experience whereas 35.4% of children 6‐18 years old nationally have caries experience. The CF sample had a DMFT of 0.70±1.53 which is considered considerably lower than the national mean of 1.5±1.00. On average 33.89%±13.95 of CF patients\' teeth had dental plaque, and 85% of them had gingivitis. Also, 50% had some type of enamel developmental defect, much higher than generally reported in healthy children. All of the defects occurred in permanent teeth and most commonly in the first permanent molars and upper central incisors, which are formed in the first year of life. Regarding oral health behavior, 90% of the patients reported that they brush at least once a day, 65% reported consuming sugary snacks more than twice a day, and all of them visit the dentist 1‐2 times yearly.

**Conclusions:** These results suggest that CF patients have lower dental caries prevalence, regardless of their frequent snack consumption. The etiology may be related to inhaled/oral antibiotic usage, oral cleaning practices after inhaled medications, and their regular dental care. There may be selection bias as our cohort were seen by a dentist regularly, however this frequency is similar to that otherwise reported. Despite this, half of these patients may present with dental defects, especially on teeth developing during the first year of life. These defects may be related to CF disease, treatments, or surgeries. Defects can lead to aesthetic issues, tooth sensitivity, and loss of tooth structure, which can beget pain, need for restorative treatments (ie, crowns), or tooth loss. Next steps include further analysis into these trends and their association with CF disease and treatments.
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**RESISTIN, A NEUTROPHIL‐DERIVED IMMUNOMETABOLIC MEDIATOR, IS A CELL‐SURFACE ASSOCIATED AND SOLUBLE MARKER OF EARLY AND CHRONIC CF AIRWAY DISEASE**

[Forrest, O.A.]{.ul} ^1,3^; Chopyk, D.^1,2^; Ingersoll, S.^1,2^; Brown, M.R.^1,6,5^; Scholte, B.J.^4,5^; Janssens, H.^5^; Alvarez, J.A.^6^; Tangpricha, V.^6^; Tirouvanziam, R.^1,2^ *1. Center for Cystic Fibrosis and Airways Disease Research, Children\'s Healthcare of Atlanta, Atlanta, GA, USA* *; 2. Department of Pediatrics, Emory University School of Medicine, Atlanta, GA, USA* *; 3. Emory University School of Medicine, Immunology and Molecular Pathogenesis Program, Atlanta, GA, USA* *; 4. Cell Biology, Erasmus MC, Rotterdam, Netherlands* *; 5. Sophia Ped Pulmonol, Erasmus MC, Rotterdam, Netherlands* *; 6. Department of Medicine, Emory University School of Medicine, Atlanta, GA, USA*

**Background:** In early studies in mice, resistin was identified as an adipokine promoting insulin resistance and inflammation. However, in humans resistin is made primarily by polymorphonuclear neutrophils (PMNs). Consistent with its dual role as a metabolic and inflammatory mediator, human resistin is found in abnormal levels in metabolic disorders and in disorders linked to PMN‐driven inflammation. Cystic fibrosis (CF) combines PMN‐dominated airway inflammation with profound metabolic anomalies. Consistently, resistin is elevated in the plasma and airway fluid of CF patients compared to healthy controls (HC). Clinically, sputum resistin levels correlate negatively with CF lung function. Here, we further probed the resistin signaling cascade in CF airways.

**Methods:** Blood and sputum PMNs from adult CF patients were analyzed by flow cytometry for surface expression of resistin and of its recently identified receptor, adenylyl‐cyclase associated protein 1 (CAP1). In addition, HC blood PMNs were stimulated in vitro with latrunculin B (LB) and the formyl peptide fMLF to induce primary granule exocytosis, after which they were analyzed for surface expression of resistin and CAP1 by flow cytometry, and resistin levels in the extracellular fluid were measured by ELISA. Additionally, we obtained bronchoalveolar lavage fluid (BALF) from CF infants and airway resistin levels were measured by ELISA at this earlier stage of disease.

**Results:** CF sputum PMNs express significantly higher resistin and CAP1 surface expression than blood PMN, concomitant with previously observed high primary granule release (evidenced by high surface CD63 expression). In vitro, primary granule exocytosis of PMNs induced by LB + fMLF leads to high surface CD63 expression, but also to higher surface expression of resistin and CAP1, consistent with in vivo results. LB and FMLF stimulation of PMNs also led to resistin accumulation in the extracellular fluid. Finally, we measured significant resisitin levels in CF infant BALF, suggesting that this mediator is not just present at the chronic stage of the disease, but also early in the process.

**Conclusions:** Our results suggest that (i) live CF airway PMNs express both cell surface resistin and CAP1, which may mediate cell‐cell‐signaling; (ii) PMNs likely serve not only as a target for resistin but also as a source since induction of primary granule exocytosis leads to resistin release; (iii) resistin may serve as a marker not only of chronic, but also early CF airway disease, as evidenced by its presence in BALF from CF infants.
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**QBW251 IS A CLINICALLY EFFICACIOUS CFTR POTENTIATOR ACROSS RESIDUAL FUNCTION AND GATING‐DEFECT MUTATIONS: TRANSLATION OF IN VITRO ACTIVITY TO CLINICAL EFFICACY**

[Coote, K.]{.ul} ^1^; Valdez‐Misiolek, R.^1^; Miraglia, L.^3^; Fadul, M.^3^; Welch, G.^3^; Barnes, W.^3^; Orth, A.^3^; Dowling, M.^1^; Strieter, R.M.^2^; Kazani, S.^2^; Rowlands, D.J.^1^ *1. Respiratory Diseases, Novartis Insititutes for Biomedical Research, Cambridge, MA, USA* *; 2. Translational Medicine, Novartis Institutes for Biomedical Research, Cambridge, MA, USA* *; 3. Genomics Institute of the Novartis Foundation (GNF), San Diego, CA, USA*

**Rationale**: The therapeutic effect of direct potentiation of CFTR (ie, functional Class III and IV CFTR mutations) has previously been demonstrated with ivacaftor. These findings support the notion that a CFTR potentiator can yield clinical benefit in CF patients who have selected genotypes. Defining inclusion and exclusion criteria based on the CFTR genotypes\' functional class for a clinical trial with a CFTR potentiator relies, in part, on predictability of preclinical electrophysiology experiments. Here we test the activity of QBW251, a novel CFTR potentiator on functional Class III and Class IV CFTR mutations expressed in Fischer Rat Thyroid (FRT) cells and assess the correlation in potency to clinical efficacy in patients carrying the same CFTR mutations.

**Methods**: 1) In vitro, short circuit current (Isc) measurements were carried out in FRT cells with stable expression of CFTR mutations. These cells were seeded onto Snapwell inserts, cultured for 7‐12 days at 37°C. For testing, inserts were mounted in vertical diffusion chambers, bathed apically and basolaterally with 5 mL physiological salt solution. Inserts were voltage clamped to 0 mV, and change in Isc was recorded following forskolin and subsequent CFTR potentiator treatment. EC~50~ values were generated by measuring the mean delta change from forskolin baseline (*n*= 4‐12). 2) Clinical trial: CF patients who carried at least one of 19 gating or residual function mutations were randomized to receive QBW251 (150 mg bid or 450 mg bid) or placebo for 2 weeks. An interim analysis was conducted after 40 patients completed 2 weeks of therapy; and pharmacodynamics endpoints, FEV1 and sweat Cl^‐^ were assessed.

**Results**: QBW251 was active in the class IV mutations R117H (EC50 = 0.15 uM), D1152H (EC50 = 0.06 uM) and R347H (EC50 = 0.7077 uM). QBW251 was also active when tested on cells expressing the Class II mutations S549N (EC50 = 0.1757 uM) and R352Q (EC50 = 0.1837 uM). In CF patients, QBW251 demonstrated improvement in FEV1 and sweat Cl^‐^ in patients carrying R117H, D1152H and R352Q, and S549N, R117H and R352Q mutations, respectively.

**Conclusions**: The in vitro (Isc) data demonstrate that QBW251 is a potent CFTR potentiator across different functional classes of CFTR mutations. The Isc in vitro data translated to clinical efficacy in CF patients carrying the same CFTR mutations. These findings support further assessment of QBW251 in other class III and IV mutations to elucidate its therapeutic potential.
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**SPATIAL MONITORING OF LUNG ABNORMALITIES IN CF WITH A PROBABILISTIC LIBRARY OF MRI MEASURES OF LUNG WATER DENSITY**

[Theilmann, R.J.]{.ul} ^1^; Elliott, A.R.^2^; Kubo, K.^3^; Darquenne, C.^2^; Conrad, D.J.^2^ *1. Radiology, Univ of California, San Diego, San Diego, CA, USA* *; 2. Medicine, Univ of California, San Diego, San Diego, CA, USA* *; 3. Bioengineering, Univ of California, San Diego, San Diego, CA, USA*

**Rationale:** We have shown that CF subjects have a somewhat lower lung water density at FRC and a significantly higher lung water density at TLC when compared with normal controls. We interpret these findings to reflect the presence of excess fluid from biofilm accumulation and other pathologies leading to increased density at TLC and also of air trapping in the lung periphery resulting in decreased density at FRC. Our preliminary data show that the ratio of the median lung water density at FRC to that at TLC, the mFLD ratio, was significantly smaller in CF patients than in controls. The goal of this study is to demonstrate that lung abnormalities in CF can be spatially identified by changes in the mFLD ratio when compared to a regional probabilistic library of the mFLD ratio in controls, and that the technique is able to capture the efficacy of therapy.

**Methods:** MRI and spirometric data were collected in 18 controls (9F/9M, age = 37±12, FEV~1~ = 94±8%) and at 2 time points for a female (aged 39 y) with stable CF disease, and a male (aged 26 y) with CF at the onset of a severe exacerbation. Fractional lung water density (FLD) was acquired in duplicate for the entire lung in a 1.5T MRI both at FRC and TLC. The median FLD (mFLD) was calculated for 18 regions in the left and right lung (36 total regions) at both lung volumes. The 36 regions were designated as follows: 1) each lung was equally divided into a medial and a lateral section; 2) each section was then divided into 9 regions by superimposing a 3×3 grid onto the lung section. For both CF subjects, regional t‐scores of the mFLD ratio were then calculated and compared against control data using the Crawford‐Howell t‐score methodology (J Clin Exp Neuropsychol.1998;20:905). A t‐score of ‐1.0 indicates the mFLD ratio was one standard deviation (1SD) below the control average (abnormal mFLD ratio). Regional change in t‐scores between time points was also calculated. A Δt‐score of 1.0 indicates the mFLD ratio for the specified region increased (eg, improved) by 1SD of the control population.

**Results:** Lung function remained stable for CF subject A between MRI scans (Fig A). CF subject B (Fig B) had a very positive response to therapy as indicated by an 18% improvement in FEV~1~ at his second visit. Regional t‐scores and Δt‐scores for all 36 regions are presented for both CF subjects. For CF subject A, the change in the mFLD ratio remained relatively stable between time points. For CF subject B, the mFLD ratio improved for most regions in the left lung, and several regions in the right lung.

**Conclusion:** These results indicate that the mFLD ratio may have the sensitivity to regionally identify and monitor lung abnormalities in CF.

![](PPUL-51-S194-g032.jpg "ppul23576-gra-0032")
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**PHARMACOKINETICS OF VANCOMYCIN IN PLASMA AND SPUTUM FOLLOWING PULMONARY ADMINISTRATION IN CYSTIC FIBROSIS PATIENTS WITH PERSISTENT METHICILLIN‐RESISTANT ***STAPHYLOCOCCUS AUREUS*** INFECTION**

Marich, C.^1^; Lord, J.^1^; Dasenbrook, E.C.^2^; Flume, P.A.^3^; [Jouhikainen, T.]{.ul} ^1^ *1. Savara Inc., Austin, TX, USA* *; 2. Cleveland Clinic, Cleveland, OH, USA* *; 3. MUSC, Charleston, SC, USA*

**Background:** A randomized, double‐blind, placebo‐controlled Phase II study was performed with a novel inhaled dry‐powder vancomycin (AeroVanc) for the treatment of persistent MRSA lung infection in 87 CF patients. Pharmacokinetics were evaluated in a subgroup of 27 subjects (13 active, 14 placebo) using sputum and plasma vancomycin concentrations. Only vancomycin‐treated subjects are presented below.

**Methods:** AeroVanc was administered for 28 days at two dose levels, 32 mg and 64 mg bid, using a reloadable capsule inhaler. Short‐acting bronchodilator pretreatment was administered 10--30 min prior to study drug. Sputum and plasma samples were taken as follows: Predose, and 0.25, 1, 2, and 4 h postdose on Days 1, 7, and 28. The samples were analyzed using validated LC/MS methods with LLOQ of 10.0 ng/mL and 0.5 μg/g for the plasma and sputum methods, respectively.

**Results:** Plasma vancomycin concentrations increased after dosing, and the median T~max~ was approximately 1 h for all administrations. The mean C~max~ values for each dose group were dose proportional, and similar among visits, 0.27--0.32 μg/mL in the 32 mg bid group, and 0.44--0.69 μg/mL in the 64 mg bid group. The mean accumulation ratios of C~max~ and AUC~0‐4~ were 1.13--1.38 in the 32 mg bid group, and 0.64--1.00 in the 64 mg bid group, indicating no notable drug plasma accumulation over time.

Sputum vancomycin concentrations increased rapidly after dosing, and the median T~max~ was 0.25 h for all administrations in both dose groups. Mean C~max~ and AUC~0‐4~ increased over progressive visits. The mean accumulation ratios of C~max~ and AUC~0‐4~ were 3.6--6.5 for the 32 mg bid group, and 2.1--3.1 for the 64 mg bid group, indicating significant drug sputum accumulation.

After a single 32 mg dose of AeroVanc, the mean of the sputum vancomycin average concentration over four hours (C~avg0‐4~) was 48 μg/g, and increased to 162 and 206 μg/g after 7 and 28 days of bid dosing, respectively. After a single 64 mg dose of AeroVanc, the mean C~avg0‐4~ was 71 μg/g, and increased to 358 μg/g and 247 μg/g after 7 and 28 days of BID dosing, respectively. All C~avg0‐4~ exceeded the MIC of vancomycin for MRSA of 2 μg/mL.

C~trough~ levels at Days 7 and 28 were significantly greater than the MIC. C~trough~/MIC ratio values were 37 and 41 in the 32 mg bid group at Days 7 and 28 respectively, and were 59 and 50 in the 64 mg bid group at Days 7 and 28, respectively.

AUC~0‐12~ was conservatively estimated for multidose administration by imputing a 12‐h concentration from the trough value for that particular visit. With this estimate, AUC~0‐12~/MIC ratios (units h\*μg/g/μg/mL) were 549 and 741 in the 32 mg bid group at Days 7 and 28, respectively, and were 1230 and 829 in the 64 mg bid group at Days 7 and 28, respectively.

**Conclusions:** Plasma and sputum vancomycin concentrations were generally dose proportional. There was no apparent plasma vancomycin accumulation over time, but significant sputum vancomycin accumulation was observed. Consistent vancomycin sputum concentrations high above MIC were observed at both dose levels with minimal systemic exposure after multi‐dose administration.

Supported by: NIH/NHLBI and CFFT.
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**ENHANCED CFTR MODULATION WITH S‐NITROSOGLUTATHIONE REDUCTASE INHIBITOR IN ADDITION TO CFTR CORRECTOR AND POTENTIATOR**

[Bove, P.F.]{.ul} ^1^; Look, K.M.^1^; Mehra, N.K.^1^; Veit, G.^2^; Lukacs, G.L.^2^; Gabriel, S.^1^ *1. Research and Discovery, Nivalis Therapeutics, Boulder, CO, USA* *; 2. McGill University, Montreal, QC, Canada*

Recent clinical trials using cystic fibrosis (CF, F508del/F508del) patients studied the combination of a CFTR corrector (VX‐809) and potentiator (VX‐770) for improving CFTR folding, trafficking, and channel gating, leading to the approval of Orkambi™. Although overall effects on lung function (eg, FEV~1~) were statistically significant; they were modest, suggesting the need for additional therapeutic approaches with an alternative mechanism of action. Therefore, we measured the enhanced in vitro effects of a S‐nitrosoglutathione reductase inhibitor (GSNORi, N91115) on modulating CFTR when added to a CFTR corrector (VX‐809 or VX‐661) + CFTR potentiator (VX‐770) by; 1) measuring CFTR activity in primary human CF (F508del/F508del) airway epithelial (HAE) cells by Ussing chamber analysis and; 2) quantifying plasma membrane (PM) CFTR protein expression and turnover in a CFBE41o‐ cell line. First, although addition of N91115 to chronic CFTR corrector + potentiator resulted in a comparable level of initial forskolin‐mediated CFTR activation in Ussing chambers, the addition of N91115 appeared to "stabilize" the level of CFTR activity up to the time of inhibition by CFTR~inh~172. A positive change in slope was also observed reflecting sustained N91115‐mediated CFTR activity. Area under the curve (AUC), measured as total net chloride secretion from CFTR activation to inhibition, also demonstrated a significant improvement with the addition of N91115 versus corrector + potentiator alone. Moreover, when N91115 was added to chronic CFTR corrector + acute CFTR potentiator, a further increase in potentiator‐mediated short circuit current (I~sc~) as well as an increase in total potentiated CFTR (CFTR‐stimulated AUC) was observed. The I~sc~ that was inhibited by CFTR~inh~172 was also significantly greater in CF HAE cells treated with N91115 + corrector versus corrector alone, further suggesting an additive increase of CFTR activity with N91115. Second, expression of CFTR at the plasma membrane (PM) was measured by On‐Cell Western analysis in CFBE41o‐ cells expressing an F508del‐3HA tag on an extracellular loop of CFTR. We observed a significant increase in PM CFTR expression when N91115 was added alone as well as in addition to a CFTR corrector. When cells were treated with chronic CFTR corrector + potentiator, a significant decrease in PM CFTR was observed. However, this decrease in PM CFTR expression was significantly reversed back to corrector treated levels alone with the addition of N91115. Furthermore, PM CFTR turnover (CFTR remaining at the PM up to 3 hours) was significantly improved when N91115 was added to a CFTR corrector, or CFTR corrector + potentiator, demonstrating increased PM CFTR stability. Currently, additional in vitro studies are ongoing to explore the effects of GSNORi on wild‐type CFTR expression, function, and stability. Overall, this preclinical data provides evidence for the utilization of an additive therapy approach using N91115 to stabilize corrected and potentiated CFTR at the plasma membrane of CF patients.
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**LONG‐TERM FOLLOW‐UP OF CF PATIENTS WITH G551D MUTATIONS AND CHRONIC ***PSEUDOMONAS*** INFECTIONS TREATED WITH IVACAFTOR**

[Hisert, K.B.]{.ul} ^1^; Pope, C.^1^; Heltshe, S.L.^1^; Cooke, G.^2^; Jorth, P.^1^; Grogan, B.^3^; Launspach, J.^4^; Gallagher, C.^2,3^; Welsh, M.^4^; Accurso, F.J.^5^; Hoffman, L.^1^; McKone, E.F.^3^; Singh, P.^1^ *1. U. Washington, Seattle, WA, USA* *; 2. U. College Dublin, Dublin, Ireland* *; 3. St. Vincent\'s Hospital, Dublin, Ireland* *; 4. U. Iowa, Iowa City, IA, USA* *; 5. U. Colorado, Denver, CO, USA*

The mechanisms responsible for ivacaftor‐mediated lung function improvement remain incompletely understood. We are studying the relationships between infection, inflammation, and lung function in 12 Irish CF subjects with G551D mutations treated with ivacaftor. Here we report on 3 years of data from these subjects, 8 of whom had chronic *P. aeruginosa* (PA) infections.

As seen by others, ivacaftor rapidly improved lung function, significantly increasing FEV~1~ within 2 days. Notably, sputum PA density also declined rapidly (mean reduction 1.6 log~10~ at 7 days, p\<0.01), and total bacterial density decreased to a lesser extent. Sputum PA density continued to decline at 90 and 210 days; however, no subjects became PA culture‐negative, even those with low initial sputum PA densities. PA isolated from each subject at 1 year was clonally‐related to the subject\'s pretreatment isolates, indicating persistent, rather than re‐infection. Improvement in lung inflammation was noted by 1 week of treatment, with decreases in sputum IL‐8, IL‐1β, and neutrophil elastase reaching statistical significance (p = 0.004, 0.0002, and 0.02, respectively).

Interestingly, PA sputum density began to rebound after 400 days of ivacaftor treatment, with increases in CFUs noted between 400 and 1000 days (p\<0.0001). However sputum inflammatory biomarkers continued to decline after day 400 (p \<0.01), and FEV~1~ measurements showed a trend towards further increases (p = 0.08).

We sought correlations between changes in lung function, infection and inflammation. We found that reductions in PA relative abundance, reduction in total bacterial density, and increases in microbial diversity at day 7 significantly correlated with FEV~1~ increases at day 7. We also identified possible indicators of long‐term benefits from ivacaftor. The rate of change in FEV1 post‐ivacaftor trended towards correlation with reductions in PA CFUs at day 7 (p = 0.085), and correlated significantly with reductions in PA CFUs at day 400 (p\< 0.005). Reductions in sputum IL‐1β on day 7 also showed a correlation trend with increased FEV~1~ at 1 year (p = 0.051).

In PA‐positive subjects, the microbiologic parameters that correlated with increased lung function (PA density, PA relative abundance, total bacterial density, and microbial diversity) are interdependent: a change in one parameter can change the others. Notably, PA density changed more than total bacterial density, and the absolute abundance of measured non‐PA organisms did not increase. Thus, PA density was likely the primary microbiological parameter changed by ivacaftor. These results demonstrate that ivacaftor can reduce PA density and inflammation in chronically infected CF patients, although PA density may rebound after 1 year. The correlations between reduced PA density and improved FEV~1~ raise the possibility that PA clearance contributes to post‐ivacaftor increases in lung function.

A Vertex unrestricted grant supported specimen collection.
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**GALLIUM DAMPENS INFLAMMATORY MACROPHAGE PHENOTYPES: IMPLICATIONS FOR THERAPEUTIC USE IN CF**

[Hisert, K.B.]{.ul} ^1^; Garudathri, J.^1^; Rezayat, A.^1^; Bautista, G.^1^; Goss, C.H.^1^; Becker, L.^2^; Singh, P.^1^ *1. University of Washington, Seattle, WA, USA* *; 2. University of Chicago, Chicago, IL, USA*

Anti‐inflammatory medications improve lung function and decrease symptoms in CF patients; however, side effects limit their use, and improved medications are needed. Gallium nitrate has been proposed as a novel treatment for CF patients with chronic *Pseudomonas aeruginosa* (PA) airway infections, as it has antimicrobial and anti‐inflammatory effects in vitro. In a phase 1b clinical trial, we found that intravenous gallium treatment improved lung function in CF patients with chronic PA infections. Gallium also decreases mortality in murine PA lung infections. However it remains unclear whether the therapeutic effects of gallium are due to its antimicrobial or anti‐inflammatory activity (or both), as gallium‐induced reduction in bacterial density could decrease pulmonary inflammation.

Here we used two approaches to investigate gallium\'s anti‐inflammatory activity, independent of its antimicrobial effect. First, we treated mice with gallium and then exposed them to heat‐killed PA, and we found that gallium‐treated mice developed less lung injury than untreated controls. We also investigated gallium\'s effects on human monocyte derived‐macrophages (MDMs) exposed to LPS + IFNγ ("M1" stimuli). Microarray analysis demonstrated that gallium attenuated expression of a large subset of M1 pro‐inflammatory genes, but had minimal effects on unstimulated MDMs, and MDMs stimulated with IL‐4, a cytokine that triggers "M2" macrophage phenotypes. Flow cytometric analyses revealed that gallium also attenuates expression of M1 macrophage surface markers.

Our findings also suggest mechanisms by which gallium may dampen LPS‐induced macrophage inflammation. Gallium treatment of LPS‐stimulated macrophages increased transcripts of IL‐10, a cytokine that lessens macrophage inflammation in an autocrine fashion. Gallium also induced lipocalin 2 (Lcn2, also known as NGAL) gene expression. Lcn2 has been shown to block LPS‐induced pro‐inflammatory macrophage phenotypes, and shift macrophages to reparative and anti‐inflammatory phenotypes. These data suggest that gallium may suppress inflammation induced by stimuli present in CF airways, and that improvement in CF patients\' lung function following intravenous gallium treatment may have resulted in part from dampening of airway inflammation.
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**EARLY EXPERIENCE INITIATING ORKAMBI® THERAPY IN ADULT CYSTIC FIBROSIS PATIENTS**

[Indihar, M.V.]{.ul}; Joseph, P.; Trapnell, B.; Burns, L.A.; Meyers, M.; Major, T.; Montag, K. *Univ of Cincinnati, Cincinnati, OH, USA*

**Introduction:** On July 2, 2015, the FDA approved Orkambi® for use in adults with CF caused by homozygous for CFTR^F508del^ mutations.

**Objectives:** To report on single‐center clinical experience initiating Orkambi® therapy in CF adult patients.

**Methods:** A retrospective review of all adult CF patients (154) followed at our CF center between January 2015 and April 2016 identified 71 patients (46%) homozygous for CFTR^F508del^ mutations. Of those eligible (56), 46 patients (82%) initiated Orkambi® therapy at the approved dose. Using chart‐based data, the following parameters were measured before and after initiation of therapy: respiratory symptoms and signs, physical exam data, vital signs, pulmonary function tests, liver enzymes (AST, ALT, alkaline phosphatase), discontinuation of therapy (and reason), adverse events (AEs), serious AEs and unplanned antibiotic use. Change in pulmonary function = highest forced expiratory flow in 1 second (FEV1) on Orkambi® ‐ highest FEV1 in the 12 months before starting therapy. Change in BMI = highest BMI on Orkambi® ‐ highest BMI in the 12 months before starting therapy. Patients were excluded from analysis if Orkambi® was continued after initiating therapy during a clinical trial (5 patients) or had lung transplant prior to approval (10 patients).

**Results:** Of 46 eligible CF patients who started Orkambi®, 38 (82.6%) continued on therapy for a mean of 6.24 months. The FEV1% predicted increased by a mean of 1% (absolute) in patients continuing medication. In 17 of those patients (44%) there was a 5% (absolute) and 8% (relative) increase in FEV1. The FEV1% predicted decreased by 3% (absolute) and 4% (relative) in 21 patients (55%) who continued on therapy. The BMI in 20 patients (52%) who continued therapy increased by 1.17 compared to pretreatment values. 8 patients (17%) discontinued therapy. The mean duration of treatment before discontinuance was 1.66 months and the reasons for discontinuance include worsening respiratory symptoms, headaches, rash, fatigue, muscle aches, transaminitis and lung transplant. Among patients discontinuing due to worsened respiratory symptoms/signs, the most common symptoms (4 patients) included chest tightness, increased cough, dyspnea and pulmonary exacerbation. These symptoms occurred as early as 2 days after starting therapy. 4 patients who discontinued therapy were re‐challenged with full or half dose Orkambi® with return of side effects. Serum levels of liver enzymes were not different before and after initiating Orkambi® in most patients (n=44). In 2 patients, transaminases increased; one had to discontinue therapy. The BMI did not change or worsen by 0.70 in 18 patients posttreatment.

**Conclusion:** These data confirm the results of clinical research trials by indicating that Orkambi® was safe and well‐tolerated in most (82%) of eligible CF patients who started the medication. Importantly, institution of Orkambi® in adult CF patients was associated with a mean improvement in FEV1 of 5% predicted in 44% of patients who continued on therapy. Not every patient on Orkambi® had improvement in FEV1 or BMI.

**Future directions:** Adding CF centers to gain multicenter clinical experience with Orkambi®. Identify patient characteristics and comorbidities that could predict who will respond favorable to medication.
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**PULMONARY ARTERY ENLARGEMENT IS ASSOCIATED WITH CFTR DYSFUNCTION AND PULMONARY EXACERBATIONS IN ADULT CYSTIC FIBROSIS**

[Wells, J.M.]{.ul} ^1^; Farris, R.^1^; Gosdin, T.A.^1^; Dransfield, M.^1^; Wood, M.E.^2^; Bell, S.C.^2^; Rowe, S.M.^1^ *1. Medicine, UAB, Birmingham, AL, USA* *; 2. University of Queensland, Brisbane, QLD, Australia*

**Introduction:** Acute pulmonary exacerbations (APE) are associated with progressive lung function decline and increased mortality in cystic fibrosis (CF). The role of pulmonary vascular disease in APE is unknown. We investigated the association between pulmonary artery enlargement (PA:A\>1), a computed tomographic (CT) marker of pulmonary vascular disease, and prospective APEs.

**Methods:** We analyzed clinical, CT, and prospective exacerbation data in a derivation cohort of 74 adult CF patients, measuring the PA:A at the level of the PA bifurcation on axial CT images. We then replicated our findings in a validation cohort of 190 adult CF patients. Patients were separated into groups based on the presence or absence of a PA:A\>1 and were followed for 1 year in the derivation cohort and 2 years in the validation cohort. The primary endpoint was developing ≥1 APE during follow‐up. Linear and logistic regression models were used to determine associations between clinical factors, the PA:A ratio, and APE. We used Cox regression to determine time to first exacerbation.

**Results:** PA:A\>1 was present in n=37 (50%) of the derivation and n=89 (47%) of the validation cohort. In the derivation cohort, n=50 (68%) had ≥1 exacerbation at 1 year and n=133 (70%) in the validation cohort had ≥1 event at 2 years. PA:A\>1 was associated with exacerbations in the derivation (OR 3.49, 95%CI 1.18‐10.3, P=0.02) and validation (OR 2.41, 95%CI 1.06‐5.52, P=0.04) cohorts when adjusted for covariates. Time to first exacerbation was shorter in PA:A\>1 versus PA:A\<1 in unadjusted analysis (Figure). PA:A\>1 was associated with younger age in both cohorts and with elevated sweat chloride (100.5±10.9 vs 90.4±19.9mmol/L, P=0.02) in the derivation group and in the small number of individuals in the validation cohort with sweat chloride available (n=27; 105.9±24.7 vs 88.2±23.1, P=0.057).

**Conclusions:** PA enlargement is prevalent in adult CF patients and is associated with CFTR function and acute pulmonary exacerbation risk in two well‐characterized cohorts.
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**Figure. Time to first acute pulmonary exacerbation.** Time to first exacerbation was shorter in PA:A\>1 versus PA:A\<1 \[HR 1.66 (95%CI 1.18‐2.34), P=0.004\].
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**EFFECT OF IVACAFTOR/LUMACAFTOR TREATMENT ON CF NEUTROPHIL FUNCTION**

[Pohl, K.]{.ul} ^1^; Bratcher, P.E.^2^; Malcolm, K.C.^1^; Nick, J.A.^1^ *1. Medicine, National Jewish Health, Denver, CO, USA* *; 2. Pediatrics, National Jewish Health, Denver, CO, USA*

**Rationale:** CF lung disease features massive neutrophil recruitment into the airways in response to *Staphylococcus aureus*, *Pseudomonas aeruginosa* and increasingly *Mycobacterium abscessus*. Once chronic infections are established, the CF neutrophil is largely ineffective in eradicating the bacteria, and contributes to worsening inflammation and tissue injury. The CFTR modulator ivacaftor/lumacaftor (Orkambi) is approved for the treatment of people with CF homozygous for Δ*F508* and results in decreased frequency of pulmonary exacerbations. Potentiation of the *G551D* mutation with ivacaftor results in normalization of neutrophil killing. However, the effects of Orkambi on neutrophil function in Δ*F508* homozygous patients is not known.

**Methods:** CF blood neutrophils were isolated prior to initiation of Orkambi, and at one month and 3 to 6 months of treatment. Systemic markers of inflammation and neutrophil responses contributing to successful bacteria killing, including degranulation of antimicrobial proteins, were assessed by flow cytometry following incubation of CF or healthy control neutrophils with *S. aureus*, *P. aeruginosa* and *M. abscessus*. Time to maximum chemotaxis and amount of chemotactic cells migrating to bacterial stimuli were analyzed. Changes in clinical parameters including FEV~1~, BMI and neutrophil blood count were assessed. All studies were approved by the National Jewish Health IRB.

**Results:** While FEV~1~ and BMI did not change significantly after 1mo or 3 to 6mo of Orkambi treatment, blood neutrophil count and CRP decreased significantly by 36 and 46%, respectively within 1 month of treatment (p\<0.02). Plasma IL‐6 concentration decreased by 50% within 1mo of treatment while IFN‐γ decreased by 68% after 3 to 6mo of Orkambi (p\<0.05). Neutrophil degranulation in response to all bacteria tested was reduced to 42% of healthy control levels in CF neutrophils before Orkambi and increased to 60% following 1mo of Orkambi. Chemotaxis to *S. aureus* was not different between healthy control and CF neutrophils before Orkambi treatment, however, following treatment chemotaxis was significantly delayed. Neutrophil chemotaxis towards culture supernatant from *M. abscessus* was delayed by 20% in CF neutrophils before Orkambi compared to healthy controls (p=0.01) and unchanged by Orkambi treatment. For all bacterial stimuli tested, the percentage of chemotactic cells was similar in healthy controls and CF neutrophils before Orkambi, but reduced by 20% following treatment (p\<0.04).

**Conclusions:** Together these findings indicate that Orkambi reduces systemic inflammation in CF patients. Improved neutrophil degranulation in response to various bacteria could be a nonspecific anti‐inflammatory effect. However, observed changes in chemotaxis do not correlate with the other observed results and indicate a direct effect of Orkambi on neutrophil function. This warrants further investigation, especially as neutrophil responses to different bacterial species appear selectively affected by Orkambi treatment. Despite no significant improvement in overall lung function and BMI in our patient cohort, Orkambi may enhance the innate response to bacteria, contributing to the reported reduction in frequencies of pulmonary exacerbations.

Supported by the CFF and the CCTSI.
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**SPX‐101, AN EXCEEDINGLY SAFE ENAC INHIBITOR FOR THE TREATMENT OF CYSTIC FIBROSIS**

[Christensen, D.J.]{.ul} ^1^; Crowder, T.^1^; Oddo, J.^1^; Cowlen, M.^2^ *1. Spyryx Biosciences, Durham, NC, USA* *; 2. Cowlen Consulting, Chapel Hill, NC, USA*

**Objectives**: The epithelial sodium channel (ENaC) is a key regulator of airway surface liquid (ASL) height that is activated by proteases in the lung and has been implicated in cystic fibrosis pathology. Several companies have attempted to target ENaC with small molecule inhibitors without success. Most of these compounds failed in early clinical development due to systemic uptake that induced hyperkalemia due to inhibition of ENaC. We have identified a novel peptide known as SPX‐101 and have demonstrated effective regulation of ASL height and restoration of CFTR‐mediated inhibition of mucus clearance in an ovine model. Our aim was to determine if SPX‐101 would be better tolerated than small‐molecule ENaC inhibitors and would be safe in toxicology studies.

**Methods**: Acute toxicology studies were completed with SPX‐101 delivered to rats and canines by intravenous injection and nebulization. Repeat dose toxicology studies were completed with SPX‐101 delivered by nebulization for 7‐ or 28‐days with full analysis of behavior, clinical chemistry, hematological profiles, and both macro‐ and microscopic histopathology. Safety pharmacology studies to evaluate SPX‐101 effects on cardiovascular and respiratory function as well as genotoxicity and hERG inhibition were also performed using a combination of intravenous and inhalation administration. Anti‐drug antibody development was assessed by ELISA.

**Results**: SPX‐101, an analog of SPLUNC‐1 is ˜50,000 fold more potent than the natural ENaC inhibitory peptide in restoring ASL height in CF‐HBECs and can be effectively delivered to the lung by nebulization. Acute intravenous dosing of rats up to 2,000 mg/kg and canines up to 50 mg/kg showed no adverse effects with no changes in the heart rate, blood pressure, ECG, or serum electrolytes. Intravenous SPX‐101 displayed linear pharmacokinetics with T1/2 = 10 min at all doses. Toxicological testing with SPX‐101 delivered by nebulization into rats and dogs for 7‐ and 28‐days showed no adverse toxicological findings at lung‐deposited doses of up to 24 and 8 mg/kg/day, respectively. Low systemic exposure of SPX‐101 was found and no hyperkalemia occurred. No significant inhibition of hERG was observed at doses up to 1 mM and no genotoxic effects were found. SPX‐101 was also free from any changes in respiration or cardiovascular parameters from either intravenous or inhaled administration. No anti‐SPX‐101 antibodies were detected following 60 days of treatment by intraperitoneal or intranasal administration.

**Conclusion**: These data suggest that SPX‐101 is a novel ENaC inhibitory peptide that is efficacious in models of CF with extremely low toxicity suggesting that SPX‐101 may be a viable therapeutic for the treatment of CF lung disease with low potential for renal side effects exhibited by previous small molecule ENaC inhibitors.
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**LUMACAFTOR/IVACAFTOR: REAL WORLD EXPERIENCE IN A CF CENTER**

[Anstead, M.]{.ul} ^1^; Tupayachi, G.^2^; Murphy, D.^3^; Autry, E.^3^;Bulkley, V.^1^; Kuhn, R.^3^ *1. Pediatrics, University of KY, Lexington, KY, USA; 2. Internal Medicine, University of Kentucky, Lexington, KY, USA; 3. School of Pharmacy, University of Kentucky, Lexington, KY, USA*

**Background:** Lumacaftor/ivacaftor (Orkambi®) is the second FDA approved CFTR modulator available in the United States. In the landmark TRAFFIC and TRANSPORT, 1108 CF patients with cystic fibrosis homozygous for the Phe508del CFTR mutation with an FEV1 40‐90% predicted received study drug. Overall subjects had a modest improvement in absolute FEV1 with a mean change of 2.6% to 4% across the two dose groups with a significant decline in need for IV antibiotics from 45% to 56% across the two dose groups. The drug was well tolerated with only 4.2% of the subjects of the subjects randomized to Orkambi® who discontinued the drug due to adverse events. However, the studies included few CF patients with lung function less than 40% or significant liver disease.

**Objective:** Prospectively evaluate safety and efficacy of Orkambi® in a real world population of CF adults including patients with FEV1 \<40% and significant liver disease.

**Methods:** We have 55 adult CF patients with the Phe508del mutation in our adult center. Patients were offered therapy with Orkambi® if they agreed to be adherent with therapy and lab monitoring. We review data available on 29/55 patients who have provided their informed consent up to this point.

**Results:** Chest tightness was the most common side‐effect with 13/29 experiencing chest tightness. 5/29 discontinued therapy due to chest tightness. There were 4 patients who experienced severe chest tightness requiring admission. All were treated with IV antibiotics, IV steroids, and increased airway clearance as for a pulmonary exacerbation and 3/5 patients have remained on Orkambi® long‐term.

Of the consented patient group, 6/29 had FEV1 less than 40% at initiation of Orkambi®. Of the 6 subjects, 1 had to discontinue therapy due to chest tightness and 5 remain on therapy, with 2/5 on a reduced dose.

There were 2 patients with cirrhosis of the liver started on Orkambi®. Patients were monitored closely with liver function monitoring 1 week, 1 month and 3 months after initiation of therapy. All subjects tolerated it well with a trend toward improved liver function and no evidence of liver toxicity. Of the 2 patients, one is on a reduced dose due to chest tightness symptoms.

Of the 29 consented adult CF patients initiated on Orkambi®, 24 remain on therapy with 5 discontinuations due to chest tightness. Dosing reductions were utilized in patients with liver disease and in patients experiencing chest tightness and 2/24 patients remain on a reduced dose.

Lung function and exacerbation frequency will be analyzed when all the patient group has completed 6 months of therapy.

**Conclusion:** Orkambi® was initiated in a "real" adult CF center population including patients with FEV1\<40% and patients with significant CF liver disease. Chest tightness was seen as a side‐effect much more commonly than was seen in the trial with 13/29 (45%) of the patients reporting chest tightness and 5/29 (17 %) discontinuing the drug due to this side‐effect. Most patients with FEV1 \<40% (5/6) and patients with cirrhosis (2/2) were able to tolerate the drug with at least perceived benefit. Overall impact on lung function, weight, and frequency of exacerbation is under study.
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**EXPERIENCE OF A LARGE ACADEMIC CF CENTER WITH LUMACAFTOR/IVACAFTOR**

[Walker, S.D.]{.ul}; Henry, B.; Sueblinvong, V.; Hunt, W.R. *Medicine, Emory University, Atlanta, GA, USA*

**Background:** Lumacaftor/ivacaftor (LUM/IVA) was approved for use in CF patients homozygous for *delF508* in July 2015. We sought to examine how well adopted this treatment was by our clinic as well as whether patients showed benefits similar to those seen in the Phase 3 study of this drug.

**Methods:** We reviewed our center\'s patient registry to identify patients homozygous for *delF508* and their FEV1 and BMI data for the last two years. Reasons for patients not using LUM/IVA were obtained from the patients\' primary pulmonologist. Start dates for LUM/IVA came from patient assistance program data on delivery and refills.

**Results:** A total of 103 patients homozygous for *delF508* who have not undergone lung transplant were included for analysis. Fifty‐four have been prescribed LUM/IVA (52%). Of those not prescribed the drug, the most common reasons were patients being lost to follow‐up (n=19; 39%), patients declining to start (n=8; 16%), and patients who have not undergone a baseline eye exam or those with high FEV1 (both n=5; 10%). Eight patients (15%) stopped LUM/IVA due to chest tightness and/or decline in FEV1. Of 29 patients who have been on drug for 3 months, FEV1 improved in 14 (48%), though overall there was no improvement in absolute FEV1. Twenty‐two of 32 patients had an improvement in BMI, though this was not statistically significant (21.6 v. 22.1; p=0.55). There appears to be a trend of decrease in exacerbation rate, though patients have not been on drug long enough to allow adequate comparison.

**Discussion:** Only close to half of eligible patients have been prescribed LUM/IVA in our clinic so far. Medical indications were uncommon reasons for withholding prescription, with the majority arising from patient choice and poor patient follow‐up. Five patients with FEV1\>100% predicted and mild symptoms were not prescribed drug. Comparing real‐world use versus the Phase 3 study, there has not been an overall change in FEV1 in our patients, though there does seem to be a robust decrease in pulmonary exacerbation rates. Our dropout rate is markedly higher than in the study. All patients who withdrew from use cited chest tightness and worsened dyspnea as side effects. Interestingly, there has been a majority of patients who have had an improvement in BMI at 3 months, which was not seen in the randomized trial, though this is not statistically significant yet. We speculate this may be due to increased fat calorie consumption due to the drug absorption requirements.

**Conclusion:** LUM/IVA has not been widely used in the eligible population, mostly due to patient behavior. Patient response is heterogenous, with some noting significant benefits, and with a high rate of drug cessation due to side effects.
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**THE DEVELOPMENT AND ROLE OF AUTOIMMUNITY IN CYSTIC FIBROSIS LUNG DISEASE**

[Skopelja, S.]{.ul} ^1^; Hamilton, J.^1^; Jones, J.^2^; Ashare, A.^1,3^; Gifford, A.H.^3^; Rigby, W.^1,2^ *1. Microbiology and Immunology, Geisel School of Medicine at Dartmouth, Hanover, NH, USA* *; 2. Medicine, Rheumatology, Dartmouth‐Hitchcock Medical Center, Lebanon, NH, USA* *; 3. Pulmonary and Critical Care Medicine, Dartmouth‐Hitchcock Medical Center, Lebanon, NH, USA*

**Introduction:** More than 80% of mortality in cystic fibrosis (CF) is due to respiratory failure. Although lung compromise is frequently associated with chronic bacterial infection, eg, *Pseudomonas aeruginosa* (*PA*), no single factor predicts the extent of lung damage in CF. To elucidate other causes, we studied the nature of autoimmunity in CF, in the context of neutrophil extracellular trap (NET) formation and *PA* infection.

**Methods:** Autoantibody reactivity to bactericidal permeability‐increasing protein (anti‐BPI IgG), carbamylated proteins (ACarPA), and citrullinated proteins (ACPA) in CF patients (n=38) was compared with that in sera from rheumatoid arthritis (RA) patients (n=50), given the association of airway inflammation with ACPA induction in RA. Reactivity to a recombinant BPI C‐terminus fragment was also evaluated in CF sera. The antibody titers obtained by ELISA were studied in relation to percentage forced expiratory volume in 1 second (FEV1%), bacterial colonization by sputum culture, and CFTR mutation status. Autoantigens in the NETs and their posttranslational modifications were evaluated by immunocytochemistry. BPI cleavage during NETosis was studied by immunoblot following treatment with wild‐type *PA* strains (PAO1 and PA14) and their *PA* elastase deficient counterparts (ΔlasB, ΔdlasR).

**Results:** Even though BPI, carbamylated proteins, and citrullinated proteins are all localized in the NETs, our data show that 42% of CF patients have anti‐BPI autoantibodies, but less than 8% present with ACPA. In contrast, ACPA‐positive RA patients (94%) exhibit no reactivity with BPI. Interestingly, ACarPA are found in both the CF (40%) and the RA (28%) cohort, but do not correlate with anti‐BPI IgG titers. Contrary to ACPA and ACarPA, autoantibodies against BPI recognize the C‐terminus of BPI in the absence of posttranslational modifications, ie, citrullination, carbamylation, or iso‐aspartylation. The presence of anti‐BPI autoantibodies and ACarPA correlates with diminished lung function in CF patients as well as with the presence of *PA* on sputum culture. Interestingly, *PA* treatment of neutrophils results in *PA* elastase‐mediated BPI cleavage during NETosis.

**Conclusions:** In this first‐ever study of autoimmunity in an adult United States CF cohort, we demonstrate that autoreactivity to BPI reflects diminished airway function, in the context of *PA* infection and a specific CFTR genotype. Moreover, our studies identify a role for *PA* elastase in the development of anti‐BPI autoimmunity and provide a link between PA clearance and respiratory failure in the context of autoimmunity in CF.
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**QUANTIFYING THE EFFECTS OF CUMULATIVE INTRAVENOUS AMINOGLYCOSIDE DOSING ON HEARING IN PATIENTS WITH CYSTIC FIBROSIS**

[Garinis, A.C.]{.ul} ^1^; Feeney, P.^1^; Keefe, D.^2^; Hunter, L.^3^; Putterman, D.^1^; Srikanth, P.^1^; Gold, J.A.^3^; Cohen, D.^1^; Steyger, P.^1^ *1. Oregon Health & Science University, Portland, OR, USA* *; 2. Boys Town National Research Hospital, Omaha, NE, USA* *; 3. Cincinnati Children\'s Hospital, Cincinnati, OH, USA*

**Introduction:** Aminoglycosides (AGs) and glycopeptides are antibiotics essential for treating life‐threatening respiratory infections in patients with cystic fibrosis (CF). Side effects of these medications have been linked to causing hearing or kidney issues. The goal of this study was to examine the effects of cumulative intravenous (IV) AG and/or glycopeptide dosing on hearing status in patients recruited from the Oregon Health & Science University adult and pediatric CF centers.

**Methods:** Hearing thresholds were measured from 0.25‐16.0 kHz in 102 participants (ages 15‐63 years) with CF. Participants were categorized into four groups (ie, quartiles) based on their lifetime exposure to IV antibiotics defined by the total number of doses as calculated by body mass. These groups were ranked from the lowest (quartile 1) to highest (quartile 4) number of cumulative lifetime doses. An additional analysis was conducted that accounted for frequency of dosing per day.

**Results:** Logistic regression modeling was used to obtain the odds of permanent sensorineural hearing loss (SNHL) by quartile of cumulative IV dosing, after adjusting for gender and age at the time of study participation. Participants in the normal hearing group were significantly younger than those with SNHL. When accounting for this age difference, participants in the highest exposure quartile were more likely to have permanent SNHL. This effect remained statistically significant when taking into account the frequency of dosing per day. There was considerable variability of hearing losses among subjects within each dosing quartile.

**Conclusions:** There was a significant age effect between groups for normal hearing versus ears with SNHL. Cumulative IV antibiotic dosing may have a significantly negative effect on hearing sensitivity in participants with CF, independent of gender and age. Variability in hearing losses within each quartile may suggest a genetic predisposition to drug susceptibility on hearing.
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**INFECTION/MICROBIOLOGY**
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**INVASIVE SAMPLING THAT BYPASSES THE OROPHARYNX PROVIDES INSIGHTS INTO THE LUNG MICROBIOTA OF CHILDREN WITH CF AND MILD LUNG DISEASE**

[Jorth, P.]{.ul} ^1^; Rezayat, A.^1^; Ehsan, Z.^2^; Benscoter, D.^2^; Clancy, J.P.^2^; Singh, P.^1^ *1. Department of Microbiology, University of Washington School of Medicine, Seattle, WA, USA* *; 2. Department of Pediatrics, Cincinnati Children\'s Hospital Medical Center, Cincinnati, OH, USA*

DNA‐based analyses of cystic fibrosis (CF) airway microbiota have challenged ideas about the etiology of CF infections. Two notable findings are: 1) In early CF lung disease, the microbial DNA within samples typically derives from diverse collections of microbes that are not considered conventional CF pathogens; and 2) In established disease (when conventional CF pathogens dominate) non‐conventional pathogens are often still identified, although in lesser quantities.

However, these findings are complicated because airway samples transit through the oropharynx where non‐conventional pathogens are highly abundant. In addition, collection devices (e.g. bronchoscopes) and analysis reagents harbor microbial DNA. To address these problems, we collected CF bronchoalveolar lavage samples (a total of 190 samples from 22 subjects) after endotracheal tube intubation to attempt to bypass oropharyngeal organisms. We also included control samples to identify contamination from reagents, bronchoscopes, and the oropharynx. Finally, young children with mild CF lung disease were studied to increase chances of collecting samples before conventional pathogens dominated.

Bronchoalveolar lavage was sequentially performed in four pre‐determined lower airway sites and an additional site(s) based on clinical or radiographic evidence of disease. Quantitative PCR measuring total bacterial 16S rRNA gene abundance suggested that lavage samples could be categorized as coming from areas with "established" or "nascent" infection, based on the bacterial burden present. At "established" infection sites, 16S rRNA gene sequencing showed conventional CF pathogens dominated, and a relatively small fraction of microbial DNA mapped to non‐conventional pathogens. In contrast, lavages from "nascent" infection sites contained DNA from a diverse collection of non‐conventional pathogens, consistent with emerging views of the early‐infection CF microbiome.

Notably, the microbial DNA profiles from "nascent" infection sites differed markedly from oropharyngeal samples, suggesting that endotracheal intubation effectively bypassed upper airway contaminants. However, "nascent" sites contained similar microbial DNA densities and profiles as control washes from bronchoscopes performed before the procedure. These findings suggest that the microbial DNA identified at "nascent" infection sites were likely contaminants. The findings highlight the need for careful sampling and control specimens when DNA‐based methods are used to study human infections.
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**GLOBAL SPREAD OF ***MYCOBACTERIUM ABSCESSUS*** AMONGST CYSTIC FIBROSIS PATIENTS**

[Bryant, J.]{.ul} ^1,2^; Grogono, D.^1,3^; Rodriguez‐Rincon, D.^3^; Everall, I.^2^; Brown, K.^3,1^; Moreno, P.^4^; Verma, D.^1^; Hill, E.^5^; Drijkoningen, J.^1^; Haworth, C.^3^; Harris, S.^2^; Ordway, D.^5^; Parkhill, J.^2^; Floto, R.^3,1^ *1. Department of Medicine, University of Cambridge, Cambridge, United Kingdom* *; 2. Wellcome Trust Sanger Institute, Hinxton, United Kingdom* *; 3. Cambridge Centre for Lung Infection, Papworth Hospital, Cambridge, United Kingdom* *; 4. EMBL‐EBI, Hinxton, United Kingdom* *; 5. Mycobacteria Research Laboratory, Colorado State University, Fort Collins, CO, USA*

**Objectives:** Lung infections with *Mycobacterium abscessus* have increased in frequency worldwide, emerging as an important global threat to individuals with CF where they cause accelerated inflammatory lung damage and death. *M. abscessus* was previously thought to be independently acquired by susceptible individuals from the environment. However, using whole genome sequencing and detailed epidemiological analysis of a cohort of patients attending a UK CF centre, we found strong evidence for transmission between patients. We sought to determine the global population structure of M. *abscessus* infecting CF patients.

**Methods:** We carried out whole genome sequencing on a global collection of 1,080 clinical isolates from 517 patients attending CF clinics in the UK, Ireland, Denmark, Australia and North America. To assess the clinical consequences of this genetic diversity, cell‐based and in vivo assays were carried out on a selection of strains and clinical data were collected where available.

**Results:** Phylogenetic analysis revealed that the majority of infections are from densely clustered *M. abscessus* genotypes with low levels of diversity, indicating a high level of human‐associated spread. Moreover, we identified three recently emerged dominant circulating clones that are globally disseminated. These clones were associated with chronic infection, increased phagocytic uptake and increased intracellular survival in macrophages.

Within patients we found evidence of significant genetic diversity and evolutionary adaptation through the processes of convergent evolution and hypermutation, demonstrating the propensity of *M. abscessus* to evolve from an environmental organism into a transmissible human pathogen.

**Conclusions:** Transmissible clones of *M. abscessus* are circulating globally amongst CF patients. Worryingly, we found that these clones are associated with worse clinical outcomes and increased levels of virulence.
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**DYNAMICS OF ***STAPHYLOCOCCUS AUREUS*** BIOFILM GROWTH ON CYSTIC FIBROSIS AIRWAY EPITHELIAL CELLS**

[Kiedrowski, M.]{.ul} ^1^; Brown, S.^2^; Myerburg, M.M.^2^; Pilewski, J.M.^2^; Bomberger, J.^1^ *1. Microbiology and Molecular Genetics, University of Pittsburgh School of Medicine, Pittsburgh, PA, USA* *; 2. Division of Pulmonary, Allergy and Critical Care Medicine, University of Pittsburgh School of Medicine, Pittsburgh, PA, USA*

*Staphylococcus aureus* is the most prevalent bacterial species isolated from the airways of cystic fibrosis (CF) patients during childhood, while *Pseudomonas aeruginosa* is predominantly isolated from adults with CF. We recently characterized *P. aeruginosa* biofilm growth on primary CF airway epithelial cells (AECs) and observed enhanced biofilm formation during co‐infection with respiratory viruses (Hendricks MR, et al. PNAS. 2016;113:1642‐7). We hypothesize that infection with respiratory viruses alters microbial community dynamics in the CF airways, affecting the balance between *S. aureus* and *P. aeruginosa* populations. The goals of this work are: 1) to compare *S. aureus* biofilm growth on CF and non‐CF AECs, and 2) to study the dynamics of *S. aureus* infection alone and during co‐infection with *P. aeruginosa* and respiratory viruses. Initial studies showed a 3‐log increase in *S. aureus* on immortalized CF bronchial AECs over 24 hours, and confocal microscopy revealed biofilm‐like clusters of bacteria on AECs. Measuring expression of biofilm and planktonic marker genes using quantitative real‐time PCR confirmed *S. aureus* exists in a biofilm state on CF AECs. To learn if *S. aureus* biofilm growth differs at distinct sites in the respiratory tract, biofilm assays were performed on well‐differentiated primary CF and non‐CF bronchial, nasal, and sinonasal AECs. Infection of all non‐CF cell types resulted in a decrease in viable *S. aureus* over time. However, while CF nasal and sinonasal AECs showed killing activity towards *S. aureus*, CF bronchial AECs supported *S. aureus* growth. A similar trend in anti‐*S. aureus* activity was observed in growth assays utilizing airway surface liquid collected from primary AECs. Current studies are evaluating the airway surface liquid pH of CF and non‐CF bronchial cells to determine if pH dysregulation is a factor impacting the ability of CF bronchial AECs to kill *S. aureus*. In initial co‐infection experiments with *S. aureus* and *P. aeruginosa* on CF bronchial AECs, *S. aureus* biofilms grew during co‐infection with *P. aeruginosa*. However, when co‐infected with respiratory syncytial virus (RSV), *P. aeruginosa* growth increased dramatically, while *S. aureus* growth decreased. Live‐cell imaging experiments evaluating biofilm formation on CF bronchial AECs under flow conditions showed both species of bacteria in close association within biofilms on AECs, and in the presence of RSV co‐infection, *P. aeruginosa* dominated growth. Ongoing experiments are investigating how specific host antimicrobial mechanisms utilized during viral‐bacterial co‐infections might skew the microbial communities in the CF airway.

Supported by NIH R01HL123771 and CFF BOMBER14GO (JMB), NIH P30DK072506 and CFF RDP (JMB, JMP, MMM), and AISES Lighting the Pathway to Faculty Careers for Natives in STEM NSF1444853 (MRK).
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**PH AND ANTIBIOTIC PRESSURE DRIVE ANAEROBIC FERMENTATION ASSOCIATED WITH PULMONARY EXACERBATIONS**

[Quinn, R.A.]{.ul} ^2^; Zhang, T.^3^; Comstock, W.^2^; Klapper, I.^4^; Conrad, D.J.^2^; Rohwer, F.^1^; Knight, R.^2^; Dorrestein, P.^2^ *1. San Diego State University, San Diego, CA, USA* *; 2. Univ. of California at San Diego, San Diego, CA, USA* *; 3. Montana State University, Bozeman, MT, USA* *; 4. Temple University, Philadelphia, PA, USA*

**Background:** CF results in chronic lung infections with frequent exacerbations of symptoms. Changes in microbial community dynamics are believed to be responsible for CF exacerbations. Preliminary evidence indicates that anaerobes and their fermentative metabolism are associated with exacerbation development in CF. We hypothesized that mucus pH drives these dynamics and tested this using a culture microcosm of the lung.

**Methods:** We used the novel WinCF microbial culture system (Quinn RA, et al. ISMEJ. 2015;24:1024‐38), which is designed to mimic the conditions of a CF plugged bronchiole. Mucus samples from 18 CF and 6 non‐CF patients were inoculated into WinCF with mucus media buffered at different pH (5‐8.5). Bacterial 16S rRNA gene sequencing and metabolomics were used to determine how pH affected the community. Mathematical modeling was used to test the observed microcosm dynamics.

**Results:** There were 2 separate microbial communities driven by pH effects. At lowered pH, an anaerobic community dominated, while at higher pH, *Pseudomonas aeruginosa* thrived. Antibiotic pressure disrupted this pH‐based structure by killing anaerobes but not *P. aeruginosa*. Metabolites produced by *P. aeruginosa* were also altered by media pH. Mathematical models supported this pH‐driven community dynamic, but also revealed that the radius of a bronchus has a significant impact. Wider lung bronchi create room for anaerobic fermentation leading to a higher rate of community flux. Incorporating periodic antibiotic treatment for exacerbations into the model resulted in a cyclic dynamic, where anaerobes are killed and *P. aeruginosa* thrives, then anaerobes reestablish after antibiotic pressure subsides.

**Conclusions:** This study supports the observation that CF exacerbations are associated with a bloom of fermentative anaerobes at lower mucus pH. Antibiotic pressure destroys anaerobes setting up a cyclic dynamic with *P. aeruginosa*. This cycling microbial system is likely crucial to CF disease progression and clinical outcomes.
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Typical response of sputum culturing in different media pH.
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**IDENTIFICATION OF HYPOCHLOROUS ACID (HOCL) PROTECTIVE MECHANISMS IN ***PSEUDOMONAS AERUGINOSA*** AND THE IMPORTANCE OF HOCL IN THE CYSTIC FIBROSIS LUNG**

[Farrant, K.V.]{.ul} ^1^; Davies, J.C.^2,3^; Williams, H.^1^ *1. Dept. of Life Sciences, Imperial College London, London, United Kingdom* *; 2. National Heart and Lung Institute, Imperial College London, London, United Kingdom* *; 3. Royal Brompton Hospital, London, United Kingdom*

**Background:** The immune response to *Pseudomonas aeruginosa* infection in the cystic fibrosis (CF) lung is characterised by neutrophil‐dominated inflammation, which is incompletely effective at clearing infection and causes lung tissue damage, ultimately resulting in respiratory failure. To combat bacterial infection, neutrophils produce the potent oxidant hypochlorous acid (HOCl) or bleach, which is generated by myeloperoxidase, an enzyme that accounts for ˜5% of neutrophil protein. The importance of HOCl in bacterial killing in the CF lung and the ways in which *P. aeruginosa* defends itself against HOCl are poorly understood.

**Objective:** To identify mechanisms used by *P. aeruginosa* to protect itself against HOCl.

**Methods:** We screened 712 regulatory gene mutants from a *P. aeruginosa* transposon library for altered HOCl susceptibility (Liberati NT, et al. PNAS USA, 2006;103:2833‐8). Growth in the presence of a sublethal concentration of HOCl (300 ppm) was followed by recording optical density (600 nm) over 24 hours (n=3 for each mutant).

**Results:** The screen identified 12 HOCl‐resistant and 16 HOCl‐sensitive mutants with consistent phenotypes. These strains had mutations in genes encoding regulators with roles in controlling antibiotic resistance, catabolite repression, motility, methionine biosynthesis and quorum sensing. Interestingly, mutants of genes homologous to *E. coli* HOCl‐sensing regulators (RclR, HypT and NemR) did not display altered susceptibility to HOCl. A mutant in *mexT*, which encodes a positive regulator of the multidrug efflux pump operon, *mexEF‐oprN*, was sensitive to HOCl, no growth was observed after 24 hours. A mutant in *ampR*, which encodes a global regulator found to negatively regulate *mexEF‐oprN* displayed HOCl resistance, as it exited lag phase 6 hours earlier than wild type (WT). Additional screening of strains with mutations in *mexE* and *mexF* for growth in the presence of HOCl identified an 8‐9 and 5‐8 hour delay, respectively, in exiting lag phase compared to WT, indicating HOCl sensitivity. *P. aeruginosa* clinical isolates from chronic CF lung infection have been identified with mutations in *ampR* or *mexT*, suggesting a potential role for these regulators in adaptation (Diaz Caballero J, et al. mBio, 2015;6:e00981‐15). Furthermore, mutants of *cbrA* and *cbrB*, which encode a two‐component system that regulates carbon and nitrogen utilisation were resistant to HOCl, indicated by a rapid onset of growth compared to WT. CbrAB negatively regulates the global regulator crc via the small RNA crcZ, and a mutant in *crc* was sensitive to HOCl, no growth was observed after 24 hours. In addition to further investigations into HOCl protective mechanisms, the mutants identified are being used in assays to test the hypothesis that HOCl is crucial for neutrophil‐mediated killing of bacteria in the context of CF infection.

**Conclusions:** We have successfully identified a number of HOCl‐resistant and HOCl‐sensitive mutant strains. These data suggest that *P. aeruginosa* uses different HOCl protective mechanisms to *E. coli* and the MexEF‐OprN efflux pump is potentially important in protection against HOCl.
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**ASSOCIATION OF ANTIBIOTICS, AIRWAY MICROBIOME, AND INFLAMMATION IN INFANTS WITH CYSTIC FIBROSIS**

[Pittman, J.E.]{.ul} ^1^; Wylie, K.^1,6^; Akers, K.^1^; Storch, G.^1^; Hatch, J.^2^; Quante, J.^1^; Frayman, K.B.^9,7,3^; Clarke, N.^3,7^; Davis, M.^2^; Stick, S.M.^8,5,4^; Hall, G.^8,5,4^; Montgomery, G.^2^; Ranganathan, S.^9,7,3^; Davis, S.D.^2^; Ferkol, T.^1^ *1. Pediatrics, Washington Univ Sch Med, Saint Louis, MO, USA* *; 2. Pediatrics, Indiana Univ Sch Med, Indianapolis, IN, USA* *; 3. Resp Med, Royal Children\'s Hosp, Melbourne, VIC, Australia* *; 4. Princess Margaret Hosp, Perth, WA, Australia* *; 5. Telethon Kids Inst, Perth, WA, Australia* *; 6. McDonnell Genome Inst, Washington Univ, Saint Louis, MO, USA* *; 7. Resp Dis, Murdoch Children\'s Rsrch Inst, Melbourne, VIC, Australia* *; 8. Paediatrics, Univ Western Australia, Perth, WA, Australia* *; 9. Paediatrics, Univ Melbourne, Melbourne, VIC, Australia*

**Rationale:** The underlying defect in the cystic fibrosis (CF) airway leads to defective mucociliary clearance and impaired bacterial killing, resulting in endobronchial infection and inflammation that contributes to progressive lung disease. Little is known about the respiratory microbiota in the early CF airway and its relationship to inflammation.

**Objective:** To examine the bacterial microbiota and inflammatory profiles in bronchoalveolar lavage fluid and oropharyngeal secretions in infants with CF, and investigate associations with the prophylactic antibiotic use.

**Measurements and Main Results:** Infants with CF from two US and two Australian centers were enrolled in a prospective, observational study examining bacterial and inflammatory profiles of the upper and lower respiratory tract. Thirty‐two infants underwent bronchoalveolar lavage and oropharyngeal sampling at a mean age of 4.7 months. Bacterial communities were assessed by 16S qPCR and amplicon sequencing; bacterial density (load) and diversity were measured. Lavage samples were analyzed for inflammatory markers (IL‐8, unbound neutrophil elastase, absolute neutrophil count (ANC)).

Shannon diversity strongly correlated between upper and lower airway samples from a given subject, though community compositions differed. Microbial diversity was significantly lower in younger subjects and in those treated with daily antstaphylococcal prophylaxis. In lavage samples, reduced diversity correlated strongly with lower IL‐8 and ANC.

**Conclusions:** In infants with CF, reduced bacterial diversity in the upper and lower airways was strongly associated with the use of prophylactic antibiotics and younger age at the time of sampling; less diversity in the lower airway correlated with lower inflammation on bronchoalveolar lavage. Our findings suggest modification of the respiratory microbiome in infants with CF may reduce airway inflammation, though further study is needed.
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Shannon diversity in lavage (L) and oropharyngeal (R) samples from infants taking antibiotic prophylaxis (in red) vs not (blue)
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**THE EFFECT OF TREATMENT WITH IVACAFTOR ON THE RESPIRATORY MICROBIAL COMPOSITION IN THE UPPER AND LOWER AIRWAYS**

[Kristensen, M.I.]{.ul} ^1^; de Winter ‐ de Groot, K.M.^1^; Berkers, G.^1^; de Graaf, E.^3^; Arets, H.G.^1^; Bogaert, D.^2,4^; van der Ent, C.K.^1^ *1. Department of Pediatric Pulmonology, University Medical Center Utrecht, Utrecht, Netherlands* *; 2. Wilhelmina Children\'s Hospital, Department of Pediatrics, University Medical Center Utrecht, Utrecht, Netherlands* *; 3. Department of Pulmonology, University Medical Center Utrecht, Utrecht, Netherlands* *; 4. Florey Institute for Host‐Pathogen Interactions, University of Sheffield School of Medicine, Royal Hallamshire Hospital, Sheffield, United Kingdom*

**Objectives:** Respiratory microbial composition in patients with cystic fibrosis (CF) is different from that in healthy individuals. Because of direct effects of the CFTR mutation on lung defense and frequent use of antibiotic treatment, CF patients are prone to become carriers of specific pathogens such as *Pseudomonas aeruginosa* and *Burkholderia* species. A previous study showed that CFTR‐modifying treatment with ivacaftor in patients with Class III CFTR mutations, decreases the burden of *Pseudomonas aeruginosa* (Hoen AG, et al. J Pediatr 2015;167:138‐47). We studied the effect of ivacaftor treatment on the composition of the respiratory microbiome. This study was part of the HIT‐CF program.

**Materials and Methods:** In 15 patients with an S1251N gating mutation that started treatment with ivacaftor, nasopharyngeal, oropharyngeal and sputum samples were obtained before start of treatment and eight weeks after start of treatment. After nine months of treatment additional samples will be taken. All samples were sequenced using 16S rRNA‐based sequencing and analyzed for microbial composition.

**Results:** A total of 72 samples were obtained in this study. Mean age (SD) of patients was 15.6 (± 6.7) years. In the nasopharyngeal samples, *Staphylococcus*, *Corynebacterium* and *Pseudomonas aeruginosa* were most abundant. After eight weeks of treatment *Pseudomonas aeruginosa* was less abundant, however this difference was not statistically significant. In the oropharyngeal samples, *Streptococcus* was most abundant. In the sputum samples, *Pseudomonas aeruginosa* was both before and eight weeks after treatment most abundantly present, together with *Streptococcus*, *Veillonella* and *Prevotella*. No statistical differences between samples before and eight weeks after treatment were found.

**Conclusion:** In these preliminary data we did not observe significant changes in respiratory microbiome after eight weeks of treatment with ivacaftor in patients with S1251N gating mutations. Data at nine months of follow‐up will be collected and analyzed in the next three months and will be presented at the conference.
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**DOES INHALED AZTREONAM LYSINE (AZLI) IMPACT THE CYSTIC FIBROSIS LUNG MICROBIOME?**

[Heirali, A.]{.ul} ^1^; Acosta, N.^1^; Workentine, M.^1^; Nguyen, A.^1^; Greysson‐Wong, J.^1^; Leung, W.^3^; Quon, B.^2^; Berthiaume, Y.^4^; Somayaji, R.^1^; Rabin, H.^1^; Storey, D.^1^; Surette, M.^5^; Parkins, M.^1^ *1. The Univ. of Calgary, Calgary, AB, Canada* *; 2. Univ. of British Columbia, Vancouver, BC, Canada* *; 3. Univ. of Alberta, Edmonton, AB, Canada* *; 4. Univ. of Montreal, Montreal, QC, Canada* *; 5. McMaster Univ., Hamilton, ON, Canada*

**Introduction:** AZLI is an inhaled antibiotic (Abx), cycled in a 28‐day "on/off" fashion, used to treat chronic *Pseudomonas aeruginosa* infections in CF. Whereas aztreonam is considered to have a spectrum of activity limited to aerobic gram‐negative organisms based on levels achieved parenterally, AZLI achieves extremely high concentrations potentially extending its spectrum of activity. We hypothesized that AZLI is active against organisms within the CF lung microbiome thereby exerting a portion of its clinical benefit. Accordingly, we sought to determine if there are shifts in the CF microbiota during a single cycle of therapy.

**Methods:** From a planned cohort of 40 adult CF patients from four clinics, 28 patients receiving AZLI have been assessed. After 14 days off any inhaled Abx, participants began a 28‐day cycle of AZLI followed by a 28‐day off cycle/or 28 days of tobramycin solution (TIS). Sputum was collected on days 0 (off ABx),14, 28 (on AZLI) and 42, 56 (off AZLI +/‐ on TIS). Clinical data including CF‐respiratory symptom diary (CFRSD) and lung function were collected at each time point and correlated with microbiome data. DNA was extracted from 142 sputum samples and the V3‐V4 region of the 16S rRNA gene was sequenced using Illumina MiSeq. Microbiome analysis was performed in R.

**Results:** Cohort demographics in the initial cohort were as follows; ΔF508 homozygous 57%, pancreatic insufficient 86%, median age 38.5 (IQR 29.7‐43.8), BMI 21.5 kg/m^2^ (20.4‐22.3), FEV~1~% predicted 44.5 (31.3‐61.5). Most (86%) received AZLI as their sole inhaled ABx, although 14% received TIS during the off cycle. By day 28 patients had a significantly improved CFRSD (p= 0.02) and a median improvement in FEV~1~ of 0.1 L. There were no significant differences in alpha‐ and beta‐diversity measures in samples collected on days 0 vs 28 suggesting limited community‐wide differences in the CF microbiota due to cycled AZLI therapy. Significant differences were observed in Bray‐Curtis measures between individual patients (p=0.001) and based on site, suggesting samples may cluster based on patient and geographical location. How the structure of the microbiome at treatment initiation correlates with clinical response is currently being pursued.

**Discussion:** Patients exhibited clinical improvements on AZLI. Significant changes in the microbiome were not observed after the initiation of AZLI suggesting the CF microbiota is relatively resilient to inhaled Abx. Additional studies analyzing shifts in the CF microbiome of the complete patient cohort may provide information as to whether AZLI treatment causes successive changes in the microbiome and/or could be used to optimize therapy.
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**EFFECT OF FREEZING SPUTUM ON ***PSEUDOMONAS AERUGINOSA*** (***PA***) POPULATION HETEROGENEITY**

Poonja, A.^1^; [Heirali, A.]{.ul} ^1^; Storey, D.^1^; Rabin, H.^1^; Surette, M.^2^; Parkins, M.^1^ *1. The Univ. of Calgary, Calgary, AB, Canada* *; 2. McMaster Univ., Hamilton, ON, Canada*

**Introduction:** *PA* is the archetypal pathogen of CF airways ‐ ultimately infecting 60‐80% of patients. Recent data have demonstrated that while a single strain persists in the lower airways, different subpopulations of this infecting strain adapt over time (Parkins MD, et al. J Clin Microbiol. 2014;52:1127‐35; FowerakerJE, et al. J Antimicrob Chemother. 2005;55:921‐7). Indeed this results in profoundly heterogeneous populations of *PA* isolates that differ markedly with respect to colony morphology, antibiotic resistance and virulence potential. Whether dynamics in this diverse population of infecting *PA* exist ‐ potentially influencing the occurrence of an exacerbation and/or treatment response is heretofore unknown. The major barrier in understanding flux in *PA* population dynamics relates to finding a convenient method by which to collect regular samples. Serial home collection and storage of frozen sputum followed en masse by thawing and recovery of isolates offers the potential to overcome this limitation. However, freezing is known to result in a relative reduction in *PA* population density. This project aimed to determine if specific subpopulations of *PA* were disproportionally killed by freezing.

**Methods:** Sputum was collected from 10 CF patients with chronic *PA* infection. Half was processed immediately and serial diluted onto MacConkey agar (MAC). 88 isolates were randomly selected from each sample and termed the immediate community (IC). Half the sputum sample was frozen in a home freezer for 7 days, thawed and processed in the same fashion and termed the frozen community (FC). Isolates were screened against antibiotics (aztreonam and ciprofloxacin) and virulence factors (rhamnolipid, protease, siderophore and hemolysis) to understand effects of freezing on sub‐population composition.

**Results:** From 10 patients 1760 *PA* were screened (50% IC, 50% FC). Freezing resulted in a reduction in

PA density of 10^2^‐10^5^ CFU/mL. All patients had the same colony morphology growth before and after freezing. Marked phenotypic diversity was noted in both IC and FC. All patients had statistical differences in at least one (of four) virulence factor assessed between IC and FC, with at least one (of four) virulence factor being no different. However, no consistent pattern was observed with some samples having IC with higher virulence potential then FC and others lower. None of the patients were observed to have statistical differences in proportions of resistant isolates between FC and IC. However, again no consistent pattern was observed. Interpatient analysis comparing proportions of resistant isolates amongst the entire collection showed no statistical difference between FC and IC; aztreonam (p= 0.55) and ciprofloxacin (p=0.28).

**Discussion:** Virulence factor production and antibiotic resistance in a population of *PA* causing chronic CF lung infections is heterogeneous, and phenotypic diversity is underestimated if only one or a few colonies are analyzed. While variability in IC and FC samples were observed, no evidence of killing a specific subpopulation of *PA* by freezing was observed. Our study suggests home collection may pose a viable means by which to understand *PA* population flux in CF lung disease.
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**PERSONALIZING CYSTIC FIBROSIS: A LONGITUDINAL ANALYSIS OF THE MICROBIOME FROM CF PATIENTS**

[Daines, C.]{.ul} ^1^; Delisle, J.^2^; Gillece, J.^2^; Schupp, J.^2^; Bowers, J.^2^; Kelley, E.^2^; Driebe, E.^2^; Engelthaler, D.^2^; Keim, P.^2,3^ *1. Pediatric Pulmonary Medicine, University of Arizona, Tucson, AZ, USA* *; 2. Translational Genomics Research Institute, Flagstaff, AZ, USA* *; 3. Northern Arizona Univ, Flagstaff, AZ, USA*

**Introduction:** CF affects many systems in the body, but the characteristic symptom that dramatically reduces quality of life is associated with the accumulation of mucus in the lungs. In the long term, this static mucoid environment gets colonized by a diverse community of microbes, viruses and fungi, therefore, becoming a reservoir for infection and requiring chronic treatment with antibiotics. Generally, the choice of antibiotic is not targeted and in many cases is administered after the infection has advanced. In addition to long‐term side effects of these drugs, eventually antibiotic resistant bacteria and fungi can take hold and complicate further treatment. Translational Genomics Research Institute (TGEN), in collaboration with the University of Arizona, has initiated a study to track changes in the microbial and fungal community over time in patients with CF. The purpose of this study is to better understand the CF pulmonary microbiome over time and determine if emerging pathogens and antibiotic resistance can be detected prior to exacerbation. A primary goal of the study is to develop and evaluate personalized, targeted microbiome assays for rapid characterization of a patient\'s current pulmonary community. These prototype diagnostics could potentially be used to advise treatment that is personalized and timely.

**Methods:** After obtaining consent, adult subjects (≥ 18 years old) were enrolled in a year‐long observational study. The study involves monthly sputa collections from up to 13 patients over the course of one year. The sputa samples were analyzed for 16S rDNA and Whole MetaGenome Sequence (WMGS) community analysis. In addition, the sputa samples were evaluated through TGEN\'s Next‐Gen Antimicrobial Resistance Detection (N‐GARD) assay, profiling the personalized microbial community in these samples through amplicon sequencing.

**Results:** Preliminary 16S analysis (samples from 2 to 6 time points for 6 patients) revealed high relative abundances of many of the common pathogens associated with CF, including *Pseudomonas*, *Streptococcus*, *Staphylococcus*, *Haemophilus*, and Enterobacteriaceae with variation among patients and among timepoints within patients. Analysis of metagenomic data through GOTTCHA and WGFAST revealed overlapping patterns with the 16S, but was able to resolve to species and strain level. N‐GARD sequencing revealed two CF patients with MRSA (SCCmec type II) and another patient with MSSA. Other species targets such as for *Achromobacter*, *Haemophilus* and *Streptococcus* are currently under development. Analysis of the fungal community is ongoing.

**Discussion:** Newer techniques for analysis of the CF microbiome have the potential of not only describing the microbiological environment in the CF lung but also distinguish susceptibilities and personalize treatments and therapies in a timely fashion.

Sponsored by: Sterling Foundation Grant.
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**RAPID RESPONSE: TRANSLATING MULTI‐OMICS DATA ON CF EXACERBATIONS IN CLINICALLY RELEVANT TIME FRAMES**

Quinn, R.A.^2^; Cobian, Y.^3^; Benler, S.^3^; Gaffney, J.^2^; Humphrey, G.^2^; Navas‐Molina, J.^2^; Hyde, E.^2^; Guerios, G.^1^; Edwards, R.^1^; Rohwer, F.^3^; Knight, R.^2^; [Dorrestein, P.]{.ul} ^2^; Conrad, D.J.^4^ *1. Computer Science, San Diego State University, San Diego, CA, USA* *; 2. Center for Microbiome Innovation, University of California at San Diego, La Jolla, CA, USA* *; 3. Biology, San Diego State University, San Diego, CA, USA* *; 4. Medicine, University of California at San Diego, San Diego, CA, USA*

Current diagnostics of CF exacerbations are based on clinical culturing of microbial isolates from sputum samples followed by antibiotic susceptibility testing. Despite this established gold standard, studies have shown that antimicrobial susceptibility profiles frequently do not correlate with clinical outcomes. In some instances, antibiotic treatment still results in patient recovery despite highly reported resistance. This underlies the incomplete understanding of the microbial basis of CF exacerbations and the best methods for treatment. The likely cause of this discrepancy is that many pathogens in CF lungs are not identified in standard clinical labs. Bacterial 16S rRNA gene profiling has shown that CF lung infections are much more diverse than that revealed by clinical culture. Thus, we have begun to implement a "Rapid Response" pipeline for CF exacerbations that employs multi‐omics data including transcriptome, metabolome and 16S rRNA gene sequencing to provide a timely, comprehensive assessment to clinicians. Sputum samples are collected and then DNA, RNA and metabolites extracted, followed by nucleic acid sequencing and mass spectrometry, and finally, data analysis. The pipeline generates microbial taxonomy, gene expression and metabolite production information requiring high‐powered computational resources to analyze. Despite the enormous scale of the data generated, a highly streamlined and integrative bioinformatics pipeline allows for analysis in less than 48 hours using a small group of people. Information is provided on virulence factor production, host inflammatory signals, gene expression of both microbes and host, taxonomic profiles of bacterial lung infections, including any new pathogens that may be driving an exacerbation event, and penetration of drugs to the site of infection. Recent application of this pipeline to a severe exacerbation event showed *Pseudomonas aeruginosa* growth was slow despite 95% of the lung microbiome being composed of this bacterium, expressing mostly alginate and iron chelating genes, while the 16S rDNA sequencing revealed a possible bloom of anaerobes. Metabolite production matched transcriptome profiling in that both detected the production of the siderophore pyochelin and also revealed that antibiotics given to the patient were reaching the site of infection. In this instance, the omics pipelines had mosly harmonious conclusions about this exacerbation. The future of CF exacerbation diagnostics and other diseases involving complex infections will employ multi‐omics data, because efforts such as this one, show that timeframes for producing, analyzing, and translating this rich data to physicians now approaches the gold standard of bacterial culture.
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**FACE MASKS AND COUGH ETIQUETTE REDUCE COUGH‐GENERATED BIOAEROSOLS CONTAINING ***PSEUDOMONAS AERUGINOSA*** IN PATIENTS WITH CYSTIC FIBROSIS**

[Wood, M.E.]{.ul} ^1,2,3^; Stockwell, R.^1,2^; Johnson, G.^4^; Ramsay, K.^2^; Sherrard, L.^1,5^; Jabbour, N.^4^; Knibbs, L.^2^; Kidd, T.^2,5^; Wainwright, C.E.^2,6^; Morawska, L.^4^; Bell, S.C.^1,2,3^ *1. QIMR Berghofer Medical Research Institute, Brisbane, QLD, Australia* *; 2. University of Queensland, Brisbane, QLD, Australia* *; 3. Adult CF Centre, The Prince Charles Hospital, Brisbane, QLD, Australia* *; 4. Queensland University of Technology, Brisbane, QLD, Australia* *; 5. Queen\'s University Belfast, Belfast, United Kingdom* *; 6. Lady Cilento Children\'s Hospital, Brisbane, QLD, Australia*

**Introduction:** During coughing, patients with cystic fibrosis (CF) can generate *P. aeruginosa* droplet nuclei capable of travelling up to 4 metres and remaining viable for up 45 minutes (Knibbs L, et al. Thorax. 2014;69:740‐5). The CF Foundation (CFF) recently updated their infection control guidelines to include the recommendation that patients with CF wear surgical face masks in communal areas of health facilities to reduce transmission of pathogens (Saiman L, et al. ICHE. 2014;35:S1‐67). However, the outward protection of face masks worn by CF patients has not been extensively studied. The aim of this study was to investigate the effectiveness of face masks and cough etiquette techniques for reducing viable bioaerosols in patients with CF and chronic *P. aeruginosa* infection during talking and coughing.

**Methods:** Twenty‐five (15 male) adult subjects with CF, mean (SD) age of 31.2 (7.7) y and FEV~1~ of 50.7 (17.4) % predicted were enrolled. Subjects were positioned in a validated, particle‐free aerosol‐sampling device and performed a series of six (order randomised) activities for 5 minutes each: 1. talking; 2. talking with surgical mask; 3. unmasked coughing; 4. coughing with surgical mask; 5. coughing with N95 mask; 6. coughing with hand covering mouth. A 6‐stage Andersen Cascade Impactor, positioned 2 metres from the subject, collected and sized viable aerosols. Quantitative sputum and aerosol cultures were performed and the total number of colony forming units (CFUs) was determined. Subjects rated their comfort levels during each cough activity.

**Results**: 20/25 subjects produced viable aerosolized *P. aeruginosa* during unmasked coughing, yet during talking studies (24 subjects), only 2 single *P. aeruginosa* CFUs were detected. There was a positive correlation between sputum *P. aeruginosa* load and unmasked cough aerosol *P. aeruginosa* CFUs (*r*=0.424, *p*=0.039). Compared with unmasked coughing there was a reduction in viable cough aerosols using both mask types and where a hand covered the mouth (*p*\<0.001). There was no difference between CFUs detected when the surgical mask and N95 were compared during cough manoeuvres (*p*=1.0), though patients rated the surgical mask as more comfortable (*p*=0.002). CFUs detected with hand covering mouth was greater than both surgical (*p*\<0.001) and N95 mask studies (*p*=0.001).

**Conclusions**: Face masks worn by patients with CF reduce cough generated droplet nuclei containing viable *P. aeruginosa*, with the surgical mask providing enhanced patient comfort. Cough etiquette provides less protection than masks for reducing aerosol dispersal. These data support the current CFF Infection Control guidelines which recommend the use of surgical masks to reduce environmental contamination and the potential transmission of pathogenic microorganisms in patients with CF.

**Supported by**: CFF Therapeutics (USA), The Prince Charles Hospital Foundation (Australia).
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**EVOLVED AZTREONAM RESISTANCE LEADS TO ENHANCED BACTERIAL VIRULENCE**

[Jorth, P.]{.ul}; Ratjen, A.; Bautista, G.; Rezayat, A.; Garudathri, J.; Salipante, S.J.; Singh, P. *Department of Microbiology, University of Washington School of Medicine, Seattle, WA, USA*

Evolutionary theory predicts that when bacteria mutate to become antibiotic resistant, they should become less fit than their antibiotic‐susceptible relatives when antibiotics are absent. Surprisingly, recent findings suggest that certain resistance mutations can increase bacterial fitness and virulence. These findings, and the intensive antibiotic treatment used in CF raise the possibility that treatment could eliminate susceptible isolates, only to have them replaced by hypervirulent, antibiotic‐resistant siblings.

We hypothesized that mutations conferring resistance to CF‐relevant antibiotics could lead to enhanced bacterial virulence. To test this we first identified mutations that confer resistance to aztreonam, and then determined the effects of these mutations on virulence. Using *in vitro* selection we grew *P. aeruginosa* on increasing concentrations of aztreonam and then used whole genome sequencing to identify putative resistance mutations in 94 parallel evolved lineages. We found that the most common mutations affected genes involved in antibiotic efflux and cell wall remodeling. In total, 23 different nonsynonymous mutations were detected in the *nalD, nalC,* and *mexR* genes, all of which normally repress expression of the *mexAB* antibiotic efflux system. Furthermore, evolved strains with these mutations exhibited increased *mexA* expression.

To determine whether aztreonam‐resistance mutations enhanced virulence we compared two evolved resistant isolates with mutations in *nalD* and *mexR*, to the aztreonam‐susceptible parental strain in an acute murine pneumonia infection model. The resistant isolates were ˜8‐13‐fold more lethal than the susceptible parental strain. These results identify *P. aeruginosa* mutations that can simultaneously lead to antibiotic resistance and enhance virulence. These data raise the possibility that selection for resistance could also lead to enhanced bacterial virulence phenotypes that could promote CF pulmonary disease progression.
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**WHOLE GENOME SEQUENCING AND GENOMIC SURVEILLANCE OF NONTUBERCULOUS MYCOBACTERIA: THE COLORADO CF RESEARCH AND DEVELOPMENT PROGRAM MOLECULAR CORE**

[Hasan, N.A.]{.ul} ^1^; Davidson, R.M.^1^; Epperson, L.E.^1^; Daley, C.L.^2^; Salfinger, M.L.^2^; Marola, J.^2^; Rodger, R.^2^; Sagel, S.D.^3^; Martiniano, S.L.^3^; Nick, J.A.^2^; Strong, M.^1^ *1. Center for Genes, Environment and Health, National Jewish Health, Denver, CO, USA* *; 2. Department of Medicine, National Jewish Health, Denver, CO, USA* *; 3. Pediatric Pulmonology, University of Colorado, Aurora, CO, USA*

**Introduction:** Whole genome sequencing (WGS) is a transformative technology for clinical microbiology and biomedical research. Here, we introduce the Colorado CF Research and Development Program\'s Nontuberculous Mycobacteria (NTM) Molecular Core, which offers WGS of NTM isolates affecting US CF patients. This genomic surveillance of NTM isolates derived from US CF patients, combined with NTM isolate phenotyping and biobanking provided by the Biorepository Core, provides a critical resource for microbiologic, genomic, and epidemiologic investigations within the US CF community. For inquiries, please visit <https://www.nationaljewish.org/Colorado-CF-Research-and-Development-Program/>.

**Methods:** In our first year, we collected and began WGS of ˜250 CF NTM isolates including those from the Colorado CF PATIENCE and PREDICT clinical trials. NTM isolates were prepared for genome sequencing using the Nextera XT library preparation protocol, multiplexed and sequenced using the Illumina MiSeq to generate 2X300 bp paired‐end sequence reads for each isolate. Sequence reads for each isolate were mapped to the most appropriate reference genome for each species (i.e. *M. abscessus* subsp. *abscessus* ATCC 19977 for all *M. abscessus* isolates or *M. intracellulare* ATCC 13950 for all *M. intracellulare* and *M. chimaera* isolates recovered) using Bowtie2. Single nucleotide polymorphisms (SNPs) and variants were identified using Samtools. Custom computational scripts were used to compare the SNP variation and estimate genomic relatedness among isolates. Sequence data are made publically available via an NCBI BioProject at: <http://www.ncbi.nlm.nih.gov/bioproject/PRJNA319839>.

**Results:** We interrogated the genomic relationships of NTM isolates within and between CF patients to assess the likelihood of clustering and to characterize the predominant NTM species affecting US CF patients. With a mean of \>30 SNPs between isolates from different patients, we found no evidence of clustering between the US CF patients analyzed to date. However, we see clusters of genetically related isolates that appear to comprise genomic subtypes (N=3‐7) within *M. abscessus*, *M. avium*, *M. chimaera* and *M. intracellulare*. Pan‐genome analyses revealed the presence of mobile genetic elements, which may carry putative virulence factors, in this population of NTM isolates.

**Conclusions:** Here we describe a dynamic platform for analyzing NTM affecting US CF patients. Although genomic comparisons revealed genetically similar isolates within clinically relevant NTM species, no clonal lineages were shared between patients; therefore, we did not observe clustering of NTM within the US CF patients we have investigated to date. Our initial activity emphasizes the advantages and need for the integration of genome sequencing into clinical CF care and infection control.

Supported by the CFF‐funded Colorado CF Research Development Program at National Jewish Health.
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**OUTCOMES OF ***MYCOBACTERIUM ABSCESSUS*** TREATMENT IN PATIENTS WITH CYSTIC FIBROSIS**

[Esther, C.R.]{.ul} ^1^; DaCosta, A.^3^; Giddings, O.^1^; Gilligan, P.^2^; Jordan, C.^3^ *1. Pediatric Pulmonology, UNC‐Chapel Hill, Chapel Hill, NC, USA* *; 2. Microbiology, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA* *; 3. Pharmacy, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA*

**Background:** *Mycobacterium abscessus* is a rapid‐growing mycobacterium that is increasingly isolated from the lungs of patients with cystic fibrosis (CF). Recommended treatment regimens include multiple drugs in two phases (intensive phase and continuation), but there is a lack of compelling evidence on clinical efficacy to guide mangagement.

**Methods:** We performed a retrospective review of treatment outcomes of CF patients in a single center with at least *M. abscessus*‐positive respiratory culture who underwent intensive phase treatment between 2006 and 2014, defined as a treatment regimen including at least one intravenous antibiotic. Patients who underwent lung transplant prior to or during treatment were excluded. Data collected from the electronic medical record included: age at time of treatment, anti‐mycobacterial drugs received, route of administration, start and stop date of therapy, FEV~1~ prior to treatment and at 90, 180, and 365 days post‐treatment, dates of cultures positive for *M. abscessus*. Data were analyzed using parametric methods.

**Results:** A total of 37 patients underwent intensive phase *M. abscessus* treatment, with average age 14.5±4.2 years. Amikacin was the most commonly used drug (81% of patients, though only inhaled in 4), followed by cefoxitin (76%) and clarithromycin (57%). 32/37 (86%) patients were treated with three or more drugs, and the average duration of the intensive phase was 36.4±18.6 days. Of the 24 patients who had at least 3 acid‐fast bacillus cultures in the 18 months following treatment, 8 (33%) achieved bacterial clearance. Lung function values were available in 33 patients, and pre‐treatment percent predicted FEV1 of 79.7% ±25.1% was not significantly changed at 90 or 365 days post‐treatment (81.8% ±23.3%, 81.1% ±23.0%). However, excluding 8 patients treated despite above average pre‐treatment lung function (FEV1\>100% predicted) that may have had little opportunity to improve, we observed a significant increase in % predicted FEV1 90 days after starting treatment (69.9% ±20.4% vs. 74.2% ±20.9%, p\<0.02), with a trend towards continued improvement at 365 days (73.6% ±21.1%, p=0.067). The subset of patients treated with clarithromycin had significant lung function improvement (p\<0.02) and a trend towards increased clearance of *M. abscessus* vs. those who did not (50% vs.10%, p=0.079).

**Conclusion:** Treatment of *M. abscessus* resulted in short‐term improvements in lung function, but only in the subset of patients with below‐average pre‐treatment FEV1. Furthermore, patients treated with clarithromycin appeared to have more positive clinical responses, though interpretation is limited by small numbers and the heterogeneity of treatment regimens. Further investigation is needed to determine the impact of resistance patterns and continuation phase on the findings, as well as multivariate approaches to try and control for heterogeneity. However, these findings remain important in light of current guidelines that favor azithromycin over clarithromycin.
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**EARLY ANTIBIOTIC TREATMENT FOR MRSA ERADICATION IN CYSTIC FIBROSIS PATIENTS: A MULTICENTER RCT**

[Neri, S.]{.ul} ^1^; Campana, S.^2^; Dolce, D.^2^; Ravenni, N.^2^; Braggion, C.^2^; Galici, V.^2^; Taccetti, G.^2^; Magazzù, G.^3^; Lombardo, M.^3^; Colombo, C.^4^; Cariani, L.^4^; Pizzamiglio, G.^4^; Raia, V.^5^; Iula, D.^5^; Collura, M.^6^; Lucidi, V.^7^; Fiscarelli, E.^7^ *1. Health Sciences, Univ. of Florence, Florence, Italy* *; 2. CF Center, Dep. of Ped. Med., Anna Meyer Children\'s University Hospital, Florence, Italy* *; 3. CF Center, A.O.U. Policlinico "G. Martino", Messina, Italy* *; 4. CF Center, Clinica Pediatrica "G. e D. De Marchi", Fondazione IRCCS Cà Granda, Ospedale Maggiore Policlinico, Milan, Italy* *; 5. CF Center, Dep. of Pediatric Med., Azienda Ospedaliera Universitaria "Federico II", Neaples, Italy* *; 6. CF Center, Ospedale "Giovanni Di Cristina", Palermo, Italy* *; 7. CF Center, Ospedale Pediatrico Bambino Gesù, Rome, Italy*

**Background:** The prevalence of MRSA infections is increasing in CF patients and is associated with a consistent decline in FEV1 and higher mortality. Although there are cases of spontaneous clearance of MRSA, early eradication treatment (EET) could increase the percentage of clearance of the germ providing a clinically relevant germ‐free period and therefore avoiding a negative prognostic factor. The microbiological outcome could indicate that prevention of persistent infection by EET of MRSA is a simple way for improving the long‐term prognosis in CF patients.

**Purpose:** To compare statistically the efficacy of EET against initial MRSA infection of the lower respiratory tract of CF patients and to evaluate MRSA antibiotic susceptibility at initial infection.

**Study design:** Ongoing large‐scale, open‐label, multicenter RCT involving CF patients of 6 Italian centres with first/new MRSA infection randomly assigned to the active arm (A) or observation‐only arm (B). Patients randomized to arm A are administered an association of antibiotics according to susceptibility pattern (oral co‐trimoxazole and rifampin for 21 days associated with intranasal mupirocin for 5 days).

**Patient selection criteria:** Eligible CF patients are older than 4 years, can demonstrate regular visits to the center, are not infected by *B. cepacia* complex and have no clinical signs of respiratory exacerbation.

**Primary outcome:** In both arms the percentage of eradication and failure will be calculated. Successful eradication will be defined as the absence of the germ following antibiotic treatment in at least 3 antibiograms over a period of 6 months.

**Secondary outcome:**

Antibiotic susceptibility of MRSA strains at first isolation will be evaluated.

**Interim results:** Since January 2013 we randomized 61 patients (M 42.6%). Twenty‐nine (47,5%) of these were assigned to arm A and 32 (52,5%) to arm B; mean age was 19.05 (SD±12,86). At the moment, 40 (56,6%) patients have completed follow‐up. Eradication has been successful in arm A in 12 out 29 patients (41,4%). Culture results were negative in arm B in 9 out of 32 (28.1%) patients. The antibiotic susceptibility pattern of MRSA at the moment of isolation supports the treatment by the chosen therapy. By the 15th of October 2016, follow‐up of enrolled patients will be concluded.

This study is supported by FFC\#20/2012 and FFC\#11/2009.

**ad interim results**

![](PPUL-51-S194-g037.jpg "ppul23576-gra-0037")

**310**

**STUDY OF MUL‐1867 A DRUG CANDIDATE FOR INHALATION THERAPY OF PULMONARY EXACERBATIONS IN PATIENTS WITH CYSTIC FIBROSIS AGAINST MIXED INFECTIONS CAUSED BY CLINICAL ISOLATES OF *P. AERUGINOSA* AND *B. CENOCEPACIA* IN MURINE LUNG INFECTION MODEL**

[Tetz, G.]{.ul} ^1,2^; Tetz, V.^1^ *1. TGV‐inhalonix, New York, NY, USA; 2. Human Microbiology Institute, New York, NY, USA*

**Background:** The polymicrobial nature in pulmonary infections in patients with cystic fibrosis (CF) is one of the causes of the lack of efficacy of existing antibiotic treatment. Co‐colonization of the lungs with *Pseudomonas aeruginosa* and *Burkholderia cepacia* can result in more severe pulmonary disease than *P. aeruginosa* monoinfection. The aim of the present study was to evaluate clinical efficacy of nebulized solution of a novel, first‐in‐class antimicrobial drug candidate Mul‐1867 (poly‐N,N\'‐hexamethyleneguanidine, modified by hydrazine) in murine models caused by mixed infection of clinical isolates *P.aeruginosa*+***B.cenocepacia***.

**Methods:** We studied the potency of Mul‐1867 against bacterial isolates from patients with cystic fibrosis including strains obtained from CFF Therapeutics Development Network Resource Center for Microbiology at Seattle Children\'s Hospital (Seattle, WA, USA) and from the Institute of Human Microbiology, LLC (DE, USA).

The MICs for antimicrobials were determined by the broth macrodilution method according to CLSI guideline.

For in vivo studies, 8‐week‐old C57BL/6 mice were intranasally infected with *P. aeruginosa* + *B. cenocepacia* (each 2×10^7^ cfu/mouse). Treatment was started 12 h after infection with Mul‐1867 or tobramycin or aztreonam (Cayston), administered by intranasal inhalation at 32x MIC.

**Results:** Mul‐1867 exhibited a high level of antimicrobial activity with the MIC 0.25 mg/L against *B. cenocepacia* and 4.0 mg/L against *P. aeruginosa*. Tobramycin and aztreonam were less active; tobramycin MIC was 128 mg/L for P. aeruginosa and was not active against B. cenocepacia; aztreonam MIC were 128 mg/L for *P. aeruginosa* and 64.0 mg/L against *B. cenocepacia*.

Induced pneumonia displayed a total death of control animals without treatment within 96 h post‐infection in all groups with mixed infections. For the group *P. aeruginosa* + *B. cenocepacia* treated with Mul‐1867 to the end of observation period (96 h) 10% of mice died, whereas no animal died in groups challenged solely with *P. aeruginosa* or ***B. cenocepacia***. Animals treated with tobramycin displayed 50% mortality in *P. aeruginosa* + *B. cenocepacia* group, 20% in *P. aeruginosa* and 40% *B. cenocepacia* groups respectively. Animals treated with aztreonam displayed 60% mortality in *P. aeruginosa* + *B. cenocepacia* group, 20% in *P. aeruginosa* and 30% in *B. cenocepacia* groups respectively.

**Conclusions:** Our study demonstrated that:

‐ mixed *P. aeruginosa* and *B. cenocepacia* infection leads to higher mortality in animal models

‐ Mul‐1867 possesses great activity against monoinfection caused by *P. aeruginosa* or *B. cenocepacia* in in vivo animal models.

‐ Mul‐1867 possesses great activity against mixed infection (caused by *P. aeruginosa* + *B. cenocepacia*) in in vivo animal models.
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**LONGITUDINAL STUDY OF ***STENOTROPHOMONAS MALTOPHILIA*** ANTIBODY LEVELS AND OUTCOMES IN CYSTIC FIBROSIS PATIENTS**

[Klingel, M.]{.ul} ^1^; Wettlaufer, J.^1^; Yau, Y.^1^; Stanojevic, S.^1,2^; Tullis, E.^3^; Ratjen, F.^1,2^; Waters, V.J.^1^ *1. Hospital for Sick Children, Toronto, ON, Canada* *; 2. University of Toronto, Toronto, ON, Canada* *; 3. St. Michael\'s Hospital, Toronto, ON, Canada*

**Background:** In a cross‐sectional study we previously showed an association between higher *Stenotrophomonas maltophilia* antibody levels and decreased lung function in patients with cystic fibrosis (CF) (Waters V, et al. Am J Respir Crit Care Med. 2011;183:635‐40). The purpose of this study was to assess the longitudinal relationship between serologic response to *S. maltophilia* and clinical outcomes.

**Methods:** Changes in *S. maltophilia* antibody levels in adult and pediatric patients with CF from 2008‐2014 were assessed with patients allocated to one of the following infection groups based on the frequency of positive respiratory tract cultures for *S. maltophilia*: 1) Never *S. maltophilia*: never any positive respiratory cultures for *S. maltophilia*, 2) Rare *S. maltophilia*: \<5% of respiratory cultures positive for *S. maltophilia*, 3) Cleared *S. maltophilia*: 5‐60% of respiratory cultures positive for *S. maltophilia* with last 2 cultures negative for *S. maltophilia,* 4) Intermittent *S. maltophilia*: 5‐60% of respiratory cultures positive for *S. maltophilia,* and 5) Chronic (or persistent) *S. maltophilia*: \>60% of respiratory cultures positive for *S. maltophilia* (Stanojevic S, et al. J Cyst Fibros 2013;12(6):575‐83). We investigated whether antibody levels could predict subsequent *S. maltophilia* microbiological status, and whether they are associated with lung function and subsequent pulmonary exacerbation using generalized estimating equation models to account for repeated events within the same patients.

**Results:** Repeated *S. maltophilia* antibody samples (n=409) from 135 CF patients showed that antibody levels were relatively stable between study visits, regardless of infection group. Higher antibody levels were independently associated with a subsequent positive culture (OR 1.62; 95% CI 1.09, 2.41; p=0.02) and an increased hazard ratio for subsequent pulmonary exacerbation (HR 1.3; 95% CI 1.1, 1.6; p\<0.001). Higher antibody levels were not independently associated with a steeper rate of FEV~1~ % predicted decline.

**Conclusions:** *S. maltophilia* antibody levels may be helpful to identify individuals at risk of exacerbation who may benefit from earlier antimicrobial treatment.

**312**

**CLASSIFICATION OF PATIENTS ACCORDING TO PATTERNS OF ***PSEUDOMONAS AERUGINOSA*** INFECTION**

[Klingel, M.]{.ul}; Waters, V.J.; Ratjen, F.; Stanojevic, S. *The Hospital for Sick Children, Toronto, ON, Canada*

**Background:** Classification of *Pseudomonas aeruginosa* infection in cystic fibrosis (CF) patients is currently based on the proportion of positive cultures in the previous 12 months (Lee TW, et al. J Cyst Fibros. 2003;2:29‐34). The classification of patients as "chronic," "intermittent," or "free of infection" may no longer be relevant in the current era of eradication therapy. In this study we use latent class models to investigate patterns of *P. aeruginosa* infection in CF patients.

**Methods:** This was a retrospective study including all patients followed at the Hospital for Sick Children and St Michael\'s Hospital (Toronto, Canada) between 2005 and 2015. Patients with at least 25 respiratory tract cultures were included in the latent class analysis. Patients were assigned to groups based on the frequency of positive cultures. The number of groups was selected based on the Schwartz Bayesian Criteria. The classification categories were then applied to a larger dataset to investigate differences in clinical characteristic and outcomes between the groups.

**Results:** A total of 22,090 respiratory tract cultures were available for 622 patients over the 10‐year study period; on average each patient was followed for 8 years. Latent class analysis identified 5 distinct patterns of infection (Figure). Overall, 38.4% of patients did not grow *P. aeruginosa* during the study period and 30.9% were chronically infected. In addition we identified three new groups: one where patients rarely grew *P. aeruginosa* (23.6%)*,* one where the probability of having a positive culture increases over time (5.4%) and another where the probability of having a positive culture decreases with each subsequent culture (1.7%). Patients in the group with decreasing probability of positive cultures and the rare group had the highest use of chronic inhaled therapy. Future analyses will consider how different treatments affect the classification of patients, and whether distinct patterns exist for pediatric and adult patients.

**Conclusion:** We have identified three new patterns of *P. aeruginosa* infection. We are currently investigating how these groups differ in terms of clinical characteristics and outcomes.

![](PPUL-51-S194-g038.jpg "ppul23576-gra-0038")

Classification of patients according to the proportion of positive cultures for *P. aeruginosa*
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**PH AFFECTS SPLUNC1\'s ANTIMICROBIAL ACTIVITY AGAINST ***BURKHOLDERIA CEPACIA*****

[Ahmad, S.]{.ul}; Tyrrell, J.; Walton, W.G.; Redinbo, M.; Tarran, R. *University of North Carolina at Chapel Hill, Chapel Hill, NC, USA*

**Introduction:** Cystic fibrosis (CF) is genetic multi‐organ disease caused by absent or dysfunctional CFTR‐mediated anion secretion, which in the lung, leads to mucus obstruction and chronic infection/inflammation. The *Burkholderia cenocepacia* complex (Bcc) is a group of 18 genetically distinct species. Although generally harmless to humans, they are extremely pathogenic to CF patients, and acquisition of Bcc is associated with a significant increase in mortality. Treatment of Bcc infections are difficult as the bacteria are multidrug resistant and able to survive in biofilms (Mahenthiralingam E, et al. Clin Infect Dis. 2002;33:1469‐75). Short Palate Lung and Nasal Epithelial Clone 1 (SPLUNC1) is secreted by the airway epithilia and is a multifunctional innate defense protein. SPLUNC1 is known to have antimicrobial functions against many gram‐negative bacteria including Bcc. CF airway surface liquid (ASL) is characterized with an increase of acidity which renders SPLUNC1 inactive and unable to regulate the epithelial Na^+^ channel (ENaC) (Garland AL, et al. PNAS. 2013;110:15973‐8). We therefore tested the hypotheses that SPLUNC1\'s antimicrobial and antibiofilm activity against Bcc were also pH‐sensitive.

**Methods:** Bcc clinical isolate J2315 was cultured with 0.4 μM SPLUNC1 for 2 and 24 h over the pH range of 6 to 7.5, and colony forming units were determined for SPLUNC1\'s antimicrobial activity. Bcc clinical isolate J2315 was then cultured for 24 h for biofilms in the presence of 0.4 μM SPLUNC1 at pH range of 6 to 7.5. Biofilm growth was measured by crystal violet (CV) staining. We have recently elucidated the crystal structure of SPLUNC1 and screened novel mutants based on this structure for pH‐sensitivity of antimicrobial activity. J2315 was cultured for 2 and 24 h with 0.4 μM SPLUNC1 mutants at pH 6 to 7.5, and bacterial growth was measured by OD~600\ nm~ readings and CFU counts.

**Results:** SPLUNC1\'s antimicrobial activity against J2315 was impaired under acidic conditions, but was restored at pH 7.5. However, SPLUNC1 maintained its antibiofilm activity at a low pH of 6 and reduced J2315 biofilm biomass after 24 h. In addition, SPLUNC1 mutants that are pH‐independent ENaC regulators had varied antimicrobial effects. SPLUNC1 mutant Q140E reduced J2315 bacterial growth at a low pH of 6. SPLUNC1 mutants K138D and K156C had no effects against J2315 at pH 6, but reduced bacterial growth at pH 6.5.

**Conclusions:** Whilst SPLUNC1\'s mechanism of action is currently under investigation, our data suggest that SPLUNC1\'s antimicrobial activity against Bcc clinical isolate J2315 is pH‐dependent while the antibiofilm activity is pH‐independent. In addition, SPLUNC1 mutants that are pH‐independent ENaC regulators, also retained pH‐independent antimicrobial activity against J2315, suggesting that the pH‐sensitive regions also play a role in SPLUNC1\'s antimicrobial activity. Whilst the impact of CF on SPLUNC1‐Bcc antimicrobial interactions is currently under investigation, our data suggest that understanding this interaction may have important therapeutic applications for CF lung disease.

Funded by the NIH and the UK CF Trust.
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**EPIDEMIOLOGY AND CLINICAL IMPLICATIONS OF GROUP B ***STREPTOCOCCUS*** INFECTIONS IN ADULTS WITH CYSTIC FIBROSIS**

[Parkins, M.]{.ul}; Skolnik, K.; Nguyen, A.; Somayaji, R.; Thornton, C.S.; Rabin, H.; Waddell, B. *Medicine, The University of Calgary, Calgary, AB, Canada*

**Background:** *Streptococcus agalactiae* (Group B *Streptococcus* (GBS)) is a common pathogen capable of causing severe infections (primarily in infants) (Phares CR, et al. JAMA. 2008; 299(17): 2056‐65). Although these microbes have rarely been found in the sputum of cystic fibrosis (CF) patients (Eickel V, et al. PloS ONE. 2000; 4:1‐7), knowledge regarding their epidemiology and clinical significance is lacking.

**Objectives:** 1. To determine the prevalence of GBS in a CF population and whether acute infection developed into chronic persistence. 2. To determine if strains were shared suggesting potential transmission. 3. To determine if the presence of GBS in CF lungs increased the risk of adverse clinical outcomes.

**Methods:** We searched the Calgary CF biobank (a repository of bacterial isolates from every CF sputum sample collected from each clinical encounter since 1978) for adults with GBS isolated from their sputum on at least one occasion. Charts were reviewed for demographic information, spirometry, severity and management of pulmonary exacerbations (PEx), coinfections, and medication history (including the two years preceding and two years following first GBS isolate).

The primary outcome was PEx occurrence within 6 weeks of first GBS isolate (2 weeks before and 4 weeks after sputum culture). A severe PEx was one requiring intravenous antibiotics or hospitalization. Secondary outcomes included: PEx frequency before and after the first GBS isolate, change in % predicted FEV~1~ at the time of the incident GBS versus the last clinic visit, complications of GBS infection, and development of chronic GBS infection. Bacterial strain typing was performed by pulse‐field gel electrophoresis (PFGE).

**Results:** Thirty GBS isolates were cultured from 11 individuals (55% male). Persistent infection occurred in three individuals; two cleared spontaneously after less than six months and the third cleared after 19 months with antibiotics for PEx treatment. PFGE was performed on 16 viable isolates, demonstrating the same strain was capable of chronic infections but no evidence of shared lineages was observed. The median % predicted FEV~1~ was 81.4 (IQR 51‐96) at incident GBS isolation. The majority were never smokers. At the time of GBS isolation 5 (45%) individuals experienced a PEx and under half were severe. Of the GBS isolates, 9 (30%) were associated with a PEx; one third of these were severe. The risk of PEx at index GBS isolate was not significantly different from the preceding visit (RR1.6, CI 0.34‐7.94, p=0.45). At the time of GBS isolate, only one subject had a significant drop in FEV~1~ (more than 10%). PEx frequency in the two years following index GBS isolate was similar to the two preceding years (RR 1.14, CI 0.80‐1.60, p=0.58). No patients developed pneumonia or empyema.

**Conclusion:** In adults with CF, GBS is a transient colonizer in most and does not appear to increase PEx risk at the time of index isolate. There was no evidence of infection transmission and no adverse effects on lung function (at the time of isolate), PEx frequency, or pulmonary complications were observed. Studies with a larger sample and controls are now necessary to confirm no adverse effects of GBS exist in adults with CF.
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**PHENOTYPIC DIVERSITY OF ***STAPHYLOCOCCUS AUREUS*** IN THE LOWER AIRWAYS OF INDIVIDUALS WITH CYSTIC FIBROSIS**

Lee, S.; Acosta, N.; Waddell, B.; Somayaji, R.; Rabin, H.; Ward, L.; Zhang, K.; [Parkins, M.]{.ul} *Medicine, The University of Calgary, Calgary, AB, Canada*

**Introduction:** Cystic fibrosis (CF) is characterized by chronic lung infections. Recent data reveal that phenotypic diversity in the expression of virulence factors and antibiotic resistance exists in chronically infecting *Pseudomonas aeruginosa (PA),* the archetypal CF pathogen. This heterogeneity is proposed to account, in part, for the discordance between culture‐directed therapy of exacerbations and patient response. In the last few years, *Staphylococcus aureus* (*SA*) has supplanted *PA* as the most common pathogen in CF. However, comparatively little is known. The aim of this study was to determine if diversity within *SA* exists within the CF lung.

**Methods:** Sputum samples from patients with chronic *SA* infection (defined as \>50% of cultures over the prior year) who attend the Calgary Adult CF Clinic were collected in the summer of 2015 and cultured on mannitol salt agar. From each sputum sample, 24 macroscopically identical but randomly selected isolates were collected. Isolates were independently confirmed as *SA* using catalase and coagulase testing. Isolates were tested for susceptibility to erythromycin (ERY), doxycycline (DOXY), ciprofloxacin (CIP), and trimethoprim‐sulfamethoxazole (SXT) using Kirby‐Bauer disc diffusion. In addition, the isolates were tested for the production of hyaluronidase (HA) and protease (PR).

**Results:** A total of 384 *SA* isolates were screened from 15 patients with chronic *SA* (94% MSSA, 60% male, median age 28.9) who contributed 16 sputum samples in total. Heterogeneity in Kirby Bauer zone sizes was observed resulting in macroscopically identical isolates with discordant susceptibility test results in 44% (CIP); 38% (ERY); 19% (DOXY) and 6% (SXT) of sputum samples. However, these differences occurred randomly, not in any particular patient and were confined to a small number of isolates in each sample. Much greater diversity with respect to production of virulence factors in each of the samples was observed ‐ with 75% of samples having marked diversity in production of HA and 81% in PR. Diversity in production of virulence factors occurred in the majority of sputum samples but similarly this did not occur disproportionally in patients where diversity was observed for other phenotypes.

**Conclusions:** We observed heterogeneity -- albeit limited ‐ amongst 24 randomly identified macroscopically identical isolates from individual CF sputum samples suggesting phenotypic diversity does exist amongst chronically infecting *SA*. This implies that like *PA*, antibiogram‐directed therapy against *SA* in CF may be confounded by population diversity. However, the proportion of *SA* isolates with marked diversity from the population median was much less common than that reported amongst chronically infecting *PA* populations suggesting that mere persistence in CF airways is not adequate to explain diversification and population heterogeneity.
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**GENOTYPIC AND PHENOTYPIC CHARACTERIZATION OF ***ACHROMOBACTER*** SPECIES INFECTIONS IN ADULTS WITH CYSTIC FIBROSIS (CF)**

Greysson‐Wong, J.; Waddell, B.; Dores, A.; Somayaji, R.; Edwards, B.; Storey, D.; Rabin, H.; [Parkins, M.]{.ul} *Medicine, The University of Calgary, Calgary, AB, Canada*

**Introduction:** *Achromobacter* spp. are emerging CF pathogens with reported prevalence of 5‐21%. Traditionally, *Achromobacter* spp. infections in CF have been attributed exclusively to *A. xylosoxidans (AX)* as biochemical testing and 16S rDNA PCR do not readily differentiate species. However, recent data have demonstrated a much greater breadth of species infecting the CF lower airways. Taking advantage of a longitudinal strain collection established in 1978 encompassing every isolate recovered from each CF patient, we sought to determine: 1) the species level identity of each *Achromobacter* isolate, 2) the natural history of infection and presence of common strains within our cohort to evaluate the potential of patient‐patient spread, and 3) if particular phenotypic traits differed between species, and correlated with the ability to cause chronic infection or were more common in CF isolates.

**Methods:** A retrospective analysis of *Achromobacter* spp. isolates from the adult CF biobank was performed. Patients were included if they had ever isolated an *Achromobacter* spp. Where available all incident isolates and repeated isolates at \>1 year intervals in patients with persistent infection were included. Isolates were genotyped using pulsed‐field gel electrophoresis (PFGE) for strain typing and *nrdA* sequencing for species identification. Proteolytic activity was assayed using a plate‐based assay and biofilm formation using a crystal violet assay in the Calgary Biofilm Device. Isolates derived from non‐CF bronchiectasis (nCFb) patients were used as controls.

**Results:** We identified 115 (0.003%) *Achromobacter* spp. isolates of the 33166 isolates in the biobank as of December 2013. A total of 32 isolates were included from 18 of 34 total patients, manifesting in 10 chronic infections (\>3 months) and eight transient infections (\<3 mo). We also included nine of 89 nCFb isolates. Strain typing by PFGE revealed that a single strain was generally responsible for a chronic infection and shared strains were observed in only two CF patients, suggesting transmission between patients does not commonly occur. Of the 31 CF isolates that were confirmed as *Achromobacter* spp. via 16S rDNA PCR, there were 14 *A. xylosoxidans* (*AX*), 10 *A. insuavis* (*AI*), three *A. spanius* (*AS*), two *A. dolens* (*AD*), one *A. ruhlandii* and one of undetermined species. For the nine *Achromobacter* nCFb isolates, eight were *AX* and one was of undetermined species. Biofilm production was significantly higher in *AX* isolates in comparison to *AI*, *AS* and *AD* when compared individually. No isolates displayed protease activity. *AX* were no more likely to cause chronic infection than other species (*AX* vs. *AI*/*AS*/*AD* or *AR*, p\>\>0.05).

**Conclusion:** Broadly, *Achromobacter* spp. infections appear to be increasing in frequency. Species level identification may aid in efficiently treating these patients as some phenotypic features, such as biofilm production, significantly differ between species. Chronic infections are almost always caused by an individual strain of bacteria and shared strains are rare in our cohort.
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**METABOLOMIC CHARACTERIZATION OF ***PSEUDOMONAS AERUGINOSA*** ISOLATES FROM CYSTIC FIBROSIS PATIENTS USING RAPID EVAPORATIVE IONISATION MASS SPECTROMETRY**

[Bardin, E.]{.ul} ^1^; Bolt, F.^1^; Cameron, S.^1^; Alton, E.^2^; Bush, A.^2,3^; Takats, Z.^1^; Davies, J.C.^2,3^ *1. Dept of Surgery and Cancer, Imperial College London, London, United Kingdom* *; 2. National Heart and Lung Institute, Imperial College London, London, United Kingdom* *; 3. Department of Paediatric Respiratory Medicine, Royal Brompton and Harefield NHS Foundation Trust, London, United Kingdom*

**Introduction:** Rapid evaporative ionization mass spectrometry (REIMS) is a new technique that has been shown to accurately classify yeast and bacteria. Thermal stress is applied onto bacterial colonies which results in evaporation and ionisation of metabolites and structural lipids. The mass spectrometer detects and identifies analytes through spectral database comparison (Strittmatter N, et al. Anal Chem. 2014;86:6555‐62). We describe the application of REIMS to cystic fibrosis (CF)‐related pathogens and show that the technology can identify *P. aeruginosa* with 100% accuracy. Differences were observed in the phospholipid and rhamnolipid range; derivatives of quorum sensing molecules (QSM) were also detected. These may provide useful biomarkers for a non‐invasive diagnostic tool using ambient mass spectrometric (MS) approaches currently in development.

**Methods:** Isolates were collected from CF samples routinely processed at Royal Brompton Hospital (London, UK). These included 53 *P. aeruginosa* isolates and 51 isolates from 11 genera, including *Achromobacter xylosoxidans*, *Staphylococcus aureus*, *Stenotrophomonas maltophilia* and *Burkholderia* spp. Genera were confirmed using Microflex LT MALDI TOF (Bruker Daltonics). REIMS analyses were performed in negative ionization mode, on colonies grown on plates in appropriate species conditions. A small amount of biomass was sampled directly from the medium using bipolar forceps. On drawing the probes together, an electrical current of 70W was applied and the resulting aerosol was channelled into a XEVO G2‐XS Q‐ToF instrument (Waters Corporation). A minimum of three technical measurements were acquired and averaged for each samples. Mass spectra were subjected to background subtraction and mass drift correction, unsupervised and supervised multivariate statistical analyses.

**Results:** Principal component analysis effectively separated *P. aeruginosa* from the other genera and prediction was 100% accurate using linear discriminant analysis. Analysis of variance revealed separation was mainly based upon differences in the mass over charge range from 600 to 900 that comprises the phospholipids. Intraspecies diversity within *P. aeruginosa* was explored and rhamnolipids and QSM were found to differ between isolates.

**Conclusions:** REIMS clearly distinguished *P. aeruginosa* from other CF pathogens thereby supporting its role as a diagnostic tool. Intraspecies differences were also observed. The characteristic *P. aeruginosa* features identified as part of this study may serve as biomarkers for the development of a direct‐from‐sample diagnostic tool. Indeed, we are currently working on non‐invasive detection approaches, based on direct MS analysis of skin secretions and exhaled breath. Such non‐culture‐based systems would save valuable time to diagnosis. Whole genome sequencing is also being undertaken in parallel and results will be used to seek relationships with clinical outcomes.

Supported by the Cystic Fibrosis Trust, Strategic Research Centre for *P. aeruginosa*.
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**HOME INTRAVENOUS ANTIBIOTIC THERAPY IS SAFE AND COMPARABLE TO THE HOSPITAL THERAPY IN SELECTED CHILDREN WITH CYSTIC FIBROSIS**

[Com, G.]{.ul} ^1^; Bai, S.^2^; Agarwal, A.^5^; Hu, Z.^2^; Goodie, G.^3^; McCarty, H.^4^; Berlinski, A.^5^ *1. Pediatric Pulmonology, Children\'s Hospital Los Angeles, University of Southern California, Los Angeles, CA, USA* *; 2. Department of Biostatistics, Univ of Arkansas for Medical Sciences, Little Rock, AR, USA* *; 3. Pensacola Christian College, Pensacola, FL, USA* *; 4. University of Arkansas for Medical Sciences, Little Rock, AR, USA* *; 5. Pediatric Pulmonology, University of Arkansas for Medical Sciences, Little Rock, AR, USA*

**Background:** Most hospitalizations in patients with CF are due to severe pulmonary exacerbations (PEx). Treatment of PEx in the hospital has certain advantages, however a 2‐week hospital stay disrupts school and other daily activities and the whole family\'s life. In addition, hospitalization is costly and carries the risk of acquisition of hospital pathogens. Home intravenous (IV) therapy has been implemented worldwide for the past 4 decades and is the most commonly used treatment of PEx in adults with CF. However, limited data exist on the efficacy and safety of home IV therapy in children with CF. In this study, we investigated the clinical outcome of home IV in a pre‐selected group of children with CF.

**Methods:** A retrospective single CF center data collection (2000‐2014) of all episodes of PEx treated with IV antibiotics at home and in the hospital was performed. Each PEx was recorded as an independent entry. Home IV eligibility was determined based on the center\'s criteria (age, family comfort, availability of home health care, known drug allergy, severe comorbidities, patient\'s stability, adherence, and complexity of the treatment). Outcome measures included FEV~1~, FVC, FEF 25‐75 % p, time to the next PEx, weight and BMI. Antibiotic‐related adverse reactions and treatment complications were identified.

**Results:** 290 PEx events that occurred in 83 subjects were included. 242 events were treated in the hospital (hospital IV) and 48 were treated at home (home IV). Median age was 13.1 y (IQR 9.6, 15.1) and 13.4 y (IQR 10.1, 15.8) for home and hospital IV groups respectively. There were no differences between the hospital and home IV groups regarding CFTR mutations, known drug allergy, presence of G‐tube, CF‐related diabeies, and respiratory cultures. A higher percentage of the home IV group had prior experience with home IV (75% vs 32%, p\<0.0001). Non‐Medicaid insurance was higher in the home IV group (48.9% vs.17.8%, p\<0.0001). The hospital group had lower FEV~1~ %p on admission \[72 %p (IQR 59.7 and 84) versus 80 %p (IQR 70.7 and 89); p=0.001\] and at the end of the treatment \[86 %p (IQR 72 and 96.7) versus 92 %p (IQR 82 and 101); p=0.003\] in comparison to the hospital group. However, lung functions improved in both groups similarly \[12 %p (IQR 4 and 20) versus 8 %p (IQR 2 and 22.5); p=0.41\]. The median BMI and BMI percentiles were higher in the home IV group on admission, but the hospital IV group had more weight gain after therapy (p\<0.0001). There was no difference between groups in time to first pulmonary exacerbation (p=0.47). Treatment related adverse events were rare in both groups.

**Conclusion:** Home IV therapy for the treatment of PEX is safe and comparable to the hospital therapy in a selected group of children with CF.
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**CLINICAL SIGNIFICANCE OF THE DISPARITY BETWEEN VITEK AND ETEST VANCOMYCIN MICS IN THE TREATMENT OF MRSA BRONCHOPNEUMONIA IN CYSTIC FIBROSIS: A PILOT STUDY**

[McDade, E.J.]{.ul} ^1,2^; Moonnumakal, S.P.^2^; Lamberth, L.^2^; Hulten, K.^2^; Mason, E.^2^; Kaplan, S.^2^; Hiatt, P.^2^ *1. Texas Children\'s Hospital, Houston, TX, USA* *; 2. Baylor College of Medicine, Houston, TX, USA*

**Background:** MRSA is an important CF pathogen associated with increased morbidity and mortality. Vancomycin (vanc) is considered first line treatment for CF bronchopneumonia caused by MRSA. Vanc minimum inhibitory concentrations (MICs) for MRSA vary by the detection method used with Etest resulting in higher MICs than standard methods. Studies in non‐CF patients have reported that infections caused by vanc‐susceptible MRSA with Etest MICs ≥1.5 μg/mL have been associated with treatment failure and increased risk of death. This study aims to determine the following: the difference between VITEK and Etest vanc MICs for MRSA isolated from CF sputum and the difference in clinical outcomes to vanc treatment for patients with high Etest MICs (\>1.5 μg/mL) compared to those with low Etest MICs (≤1.5 μg/mL).

**Methods:** This retrospective, pilot study was approved by the Baylor College of Medicine IRB. CF patients with MRSA isolated from sputum cultures at the time of admission for treatment of CF bronchopneumonia and who were treated with IV vanc were included in the study. Patients were excluded from the study if the MRSA isolate was unavailable or if no pulmonary function testing was performed at the time of vanc initiation and completion. VITEK vanc MIC was performed for all isolates by the microbiology laboratory at Texas Children\'s Hospital, subsequently Etests were performed by the Baylor College of Medicine Pediatric Infectious Diseases Research Laboratory. Results of VITEK and Etest vanc MICs were compared. The following data was collected from the electronic medical record to assess clinical outcomes: demographic information; pulmonary function (FEV~1~) baseline, at beginning and end of vanc therapy; duration of vanc treatment; vanc trough concentrations; weight at beginning and end of vanc therapy; other organisms present in sputum; alternative anti‐MRSA agents used. Clinical outcomes were compared between patients with low Etest MICs and high Etest MICs.

**Results:** Thirty MRSA isolates from 17 CF patients were tested using Etest and VITEK vanc MIC detection methods. The Etest vanc MICs were consistently higher compared to the VITEK (p\<0.01). Patients with high Etest MICs had similar baseline characteristics, vanc duration of treatment, vanc trough concentrations, improvement in FEV~1~, and weight gain during vanc therapy when compared to patients with low Etest MICs. There was no clear correlation between either VITEK or Etest MICs with patient outcomes. A trend toward more patients with high Etest MICs requiring an alternate anti‐MRSA treatment (61.5%) than patients with low Etest MICs (0%) was seen (p=0.08). Patients who required alternate anti‐MRSA treatment (linezolid or ceftaroline) had better improvement in FEV~1~ on the alternative treatment versus treatment with vanc (17 ±11.5, 3.5±9.2 % predicted, respectively), p\<0.001.

**Conclusion:** Vancomycin MIC results were significantly higher when Etest was used compared to VITEK. Patients with a high vanc Etests who did not respond well to vanc and were switched to an alternate anti‐MRSA agent had significantly better improvement in FEV~1~ on the alternate agent.
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**INCIDENT ***STENOTROPHOMONAS*** INFECTION AND LUNG FUNCTION DECLINE IN PATIENTS WITH CYSTIC FIBROSIS**

[Barsky, E.]{.ul}; Williams, K.; Priebe, G.P.; Sawicki, G.S. *Boston Children\'s Hospital, Boston, MA, USA*

**Background**: *Stenotrophomonas maltophilia* (SM) is a multi‐drug resistant bacterium with increasing prevalence among patients with cystic fibrosis (CF). In 2014, the US CF population prevalence of SM was 13.5%. The impact of incident SM infection on lung function decline and other outcomes is unclear.

**Objectives:** 1) To determine if acquisition of SM is associated with accelerated lung function decline, and 2) To identify clinical differences following incident infection between patients with chronic and intermittent SM infection.

**Methods**: A longitudinal, retrospective, pre‐post study was conducted for 88 patients with CF, ages 6 to 51 years, with their first positive respiratory culture for SM between January 2008 and December 2014. We compared patients who developed chronic and intermittent infection to determine differences in baseline characteristics using Fisher\'s exact test or Wilcoxon rank sum test. Chronic SM infection was defined as 2 or more positive cultures within 12 months. We evaluated rate of decline in FEV1 prior to and following incident SM acquisition for all patients, using interrupted time series analysis.

**Results**: Among the 88 patients, the mean (SD) age was 17.4 (9.2) years, mean (SD) BMI was 19.8 (3.8), and mean (SD) FEV1 at the time of acquisition was 90% (25.2). 40/88 (45%) developed chronic SM infection, and 48/88 (55%) had intermittent infection. Those with chronic infection had more CF cultures obtained per year compared to those with intermittent infection (4.8 vs. 3.2, P\<0.001). There was a trend towards younger age (15.8 years vs. 18.6 years, P=0.09) and lower BMI (18.9 vs. 20.6, P=0.07) among those with chronic SM infection, but there was no difference in gender, race, mutation type, CF‐related diabetes, or baseline lung function. In unadjusted regression analysis, the average rate of lung function change for the 88 included patients was ‐0.67 percent predicted (95% CI: ‐1.21, ‐0.13) per year prior to acquisition, and further decreased to ‐1.67 percent predicted (95% CI: ‐2.104, ‐1.24) per year after acquisition (P\<0.001).

**Conclusions**: In this single‐center cohort, slightly more than half developed chronic SM infection following their incident infection. In those with chronic infection, more cultures were obtained and there was a trend towards younger age and poorer nutritional status at the time of incident infection. SM acquisition was associated with an acceleration in lung function decline.

**Funding:** This research was partially funded by a CFF clinical fellowship grant.
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**HEMATOPOIETIC CELL THERAPIES FOR CYSTIC FIBROSIS**

[Bonfield, T.L.]{.ul}; Fletcher, D.; van Heeckeren, R.; Hodges, C.A.; Auster, L.; Sutton, M. *Pediatrics, Case Western Reserve University, Cleveland, OH, USA*

Deficient *Cftr* function results in altered epithelial cell ion transport contributing to defective mucociliary clearance and subsequent colonization with *Pseudomonas aeruginosa*. New and innovative therapeutics have been geared towards improving not only *Cftr* expression and activity, but also to manage inflammation and chronic infection. Using *in vivo* murine models, bone marrow transplantation of *Cftr*‐deficient animals with wild‐type bone marrow has been shown to provide benefit in decreasing inflammation and aiding in infection resolution. The use of bone marrow transplantation however, is counter‐intuitive for CF, since the immunosuppressive therapy required to prevent transplant rejection has the potential of exacerbating the chronic pulmonary infection in CF patients. We have begun to pursue the concept of autologous bone marrow corrective therapeutics and mesenchymal stem cells as an alternative cell therapy to traditional transplantation in CF as a potential means to improved management of infection and inflammation. We created the myeloid‐specific knockout, in which only the myeloid cells are deficient in CFTR as well as the myeloid‐specific knock‐in where CFTR is deficient everywhere but the myeloid compartment. Further, bone marrow‐derived macrophages from both CFTR deficient and wild‐type animals were infused in the murine model of CF infection and inflammation to investigate the therapeutic potential of treating CF with autologous cells in the absence of irradiation and immunosuppressive therapy. The impact of the bone marrow‐derived cells on CF lung infection and inflammation was investigated using the CF murine model of chronic *Pseudomonas aeruginosa* infection. We demonstrate that the myeloid‐specific knockout has a phenotype which is not as severe as the total knockout, but is significantly more fragile in the ability to manage infection when compared to wild‐type animals infected at the same time consistent with previous studies. Using our myeloid‐specific knock‐in, we demonstrate that although there is no statistical improvement in survival in the murine model of lung infection and inflammation, there are several immune parameters which are improved in terms of cytokine regulation and bacterial resolution. When *Cftr*‐deficient animals were given wild‐type bone marrow‐derived macrophages (without irradiation), the infusion statistically improved both inflammation and infection resolution. These studies are consistent with the bone marrow transplantation and mesenchymal stem cell studies, suggesting that wild‐type hematopoietic bone marrow cells (bone marrow, macrophages and mesenchymal stem cells), have the potential of supporting CF immunity, enhancing the management of infection and inflammation. As a next step in these studies we are beginning to explore genomic correction of myeloid cells, for potential therapeutic applications in CF. This work was funded by the Cystic Fibrosis Foundation, David and Virginia Baldwin Fund and NHLBI: R21HL104362.
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**THE SAFETY AND EFFICACY OF INHALED MEROPENEM FOR ACUTE PULMONARY EXACERBATION IN CYSTIC FIBROSIS**

Brackett, M.^1^; Liveris, M.^1^; Stanczak, N.^1^; [Boas, S.]{.ul} ^1,2^ *1. The Cystic Fibrosis Center of Chicago, Glenview, IL, USA* *; 2. Northwestern University Feinberg School of Medicine, Chicago, IL, USA*

**Introduction:** Inhaled antibiotics are widely used for treatment of cystic fibrosis lung disease. Currently, there are only two antibiotics FDA‐approved for inhalation (tobramycin and aztreonam). Other antibiotics approved for intravenous administration have been frequently used by inhalation in an off‐label fashion (colimycin, vancomycin, ceftazidime). Meropenem, an IV carbapenem antibiotic, is frequently used for the treatment of cystic fibrosis pulmonary exacerbations. To date, a paucity of data exists regarding the use of inhaled meropenem.

**Objective:** The aim of this retrospective study was to evaluate the safety and efficacy of inhaled meropenem.

**Methods:** Data were extracted from our propietary Patient Analysis & Tracking System (CFPATS) to identify individuals who have used inhaled meropenem. Our center has been using inhaled meropenem selectively in individuals since 2008. Meropenem 1‐g vials were diluted with 10 cc of 0.9% normal saline. Doses of 5mL (500mg of meropenem) were administered twice a day using a Pari LC Plus® nebulizer with a standard Pari® compressor. The duration of treatment was variable. The first dose of medication was administered in our office to monitor safety and tolerability. Lung function was measured pre‐ and post‐dose. Efficacy parameters included change in FEV~1~ post‐treatment and subjective change in symptoms. Safety data included initial tolerability, side effects, and change in bacterial resistence patterns.

**Results:** To date, 22 subjects (13M: 9F, Range 8‐44 years) have undergone treatment with inhaled meropenem. Of the 22 subjects, 19 were colonized with *Pseudomonas aeruginosa* (PA) and 3 with *Burkholderia cepacia* (BC). The most common indication was failure of other therapies. Baseline FEV~1~% for all subjects was 47.6 ± 20.6. FEV~1~ and did not significantly vary following first dose administration in our office. Median duration of treatment was 21 days (range 10‐58 days). While in general, inhaled meropenem has been well tolerated, all patients experienced varying degrees of cough during treatment. One subject experienced mild hemoptysis that did not interfere with continued treatment. Two subjects terminated treatment early, one due to chest tightness, and one due to an anaphylactic reaction which occured despite initial tolerability. Of those who completed treatment, 85% experienced subjective improvement in symptoms. For all subjects, FEV~1~ increased by 5.7%, although this change was not statistically significant. However, when subjects with BC were excluded, the remaining 19 individuals demonstrated a significant improvement in FEV~1~ of 9.18 ± 19.47% (p \< 0.05). Bacterial resistance to meropenem on sputum culture did not appear to change post‐treatment. No new emergence of BC or non‐tuburculosis mycobacteria infection was observed.

**Conclusion:** Preliminary data from this retrospective study suggest that inhaled meropenem appears to be well tolerated with minimal side effects observed. Lung function and self‐reported clinical improvement data suggest efficacy for those with PA without BC. Future investigation to evaluate inhaled meropenem in a prospective fashion appears to be warranted.
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**MICROBIAL CONTAMINATION PROFILE OF TOBI^®^ PODHALER^TM^ VERSUS NEBULIZERS USED IN CYSTIC FIBROSIS PATIENTS WITH CHRONIC ***PSEUDOMONAS AERUGINOSA*** INFECTION: A REAL‐WORLD STUDY**

Greenwood, J.^1^; [Schwarz, C.]{.ul} ^2^; Sommerwerck, U.^3^; Nash, E.F.^4^; Tamm, M.^5^; Cao, W.^6^; Mastoridis, P.^6^; DeBonnett, L.^6^; Hamed, K.^6^ *1. Liverpool Heart and Chest Hospital, Liverpool, United Kingdom* *; 2. Charité--University Medicine Berlin, Berlin, Germany* *; 3. University Hospital Essen, Essen, Germany* *; 4. Heart of England NHS Foundation Trust, Birmingham, United Kingdom* *; 5. University Hospital Switzerland, Basel, Switzerland* *; 6. Novartis Pharmaceuticals Corporation, East Hanover, NJ, USA*

**Introduction:** Nebulizers, widely used for administration of inhaled medications in patients with cystic fibrosis (CF), are commonly contaminated with pathogens, largely because of inadequate cleaning. This study compared the frequency and type of microbial contamination between the T‐326 Inhaler device that delivered tobramycin inhalation powder (TIP) and nebulizers used for delivery of tobramycin inhalation solution (TIS), colistimethate sodium (COLI), or other inhaled medications in CF patients with chronic pulmonary *Pseudomonas aeruginosa* (*Pa*) infection.

**Methods:** This was an interventional Phase IV crossover study of approximately 20 weeks, comprising a screening visit (Visit 1), cycle 1 (Visits 2 and 3), and cycle 2 (Visits 4, 5, and 6). The devices were assessed for microbial contamination at Visits 2, 3, 4, and 5, or at the discontinuation visit.

**Results:** In total, 60 patients aged ≥6 years were enrolled and assigned to one of the three treatment arms: COLI/TIP, n=28; TIS/TIP, n=14; and TIP/TIP, n=18. Overall, 12 patients were found to have contaminated devices across the treatment cycles: 9 (32%) in COLI/TIP, 2 (14%) in TIS/TIP, and 1 (6%) in TIP/TIP arm. In the COLI/TIP arm, the following pathogens were isolated from the devices that delivered COLI in cycle 1: *Acinetobacter* species ‐ *baumannii, junii, lwoffi*, and species unidentified; *Chryseobacterium indologenes*; *Delftia acidovorans*; *Haemophilus parainfluenzae*; *Ochrobactrum anthropi*; *Pseudomonas* species ‐ *fluorescens, putida, stutzeri*; *Serratia liquefaciens*; *Sphingobacterium multivorum*; *Sphingomonas paucimobilis*; *Staphylococcus aureus*; *Stenotrophomonas maltophilia*. Except for one patient with *S. aureus,* isolated from both the sputum and nebulizer, no other patient had the same pathogen isolated from the delivery device and sputum. In cycle 2, no contamination of the T‐326 Inhaler was observed. In the TIS/TIP arm, no pathogen was isolated from the devices in cycle 1. *Pa* (dry) was isolated from the nebulizer (medication not specified) in cycle 2; *Pa* (mucoid) was also isolated from the patient\'s sputum. *S. aureus* was the only pathogen isolated from one T‐326 Inhaler; however the same pathogen was not isolated from the patient\'s sputum. In the TIP/TIP arm, *Pa* (dry) was isolated from the nebulizer (medication not specified) in cycle 1, and *Pa* (small colony variant) was isolated from a throat swab from the patient; no contamination of the T‐326 Inhaler was observed in either cycle 1 or 2. Bacterial DNA analysis was not performed on these isolates.

**Conclusion:** The T‐326 Inhaler used to deliver TIP was much less frequently contaminated than the nebulizers thus potentially reducing the sources of pathogenic bacteria in CF patients.

Study was sponsored by Novartis Pharma AG.
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**THE ROLE OF ***STAPHYLOCOCCUS AUREUS*** IN ***PSEUDOMONAS AERUGINOSA*** BIOFILM DEVELOPMENT, ANTIBIOTIC SUSCEPTABILITY AND SUCCESS OF ERADICATION THERAPY IN CYSTIC FIBROSIS PATIENTS**

[Beaudoin, T.]{.ul} ^2,1^; Yau, Y.^3,4^; Waters, V.J.^2,1,4^ *1. Physiology and Experimental Medicine, Hospital for Sick Children, Toronto, ON, Canada* *; 2. Infectious Disease, Hospital for Sick Children, Toronto, ON, Canada* *; 3. Microbiology, Hospital for Sick Children, Toronto, ON, Canada* *; 4. Laboratory Medicine and Pathobiology, University of Toronto, Toronto, ON, Canada*

**Introduction:** The primary cause of morbidity and mortality amongst cystic fibrosis (CF) patients arises from pulmonary inflammation secondary to bacterial infections. It is well documented that *Staphylococcus aureus* (SA) is the most common pathogen seen in young children with CF, and *Pseudomonas aeruginosa* (PA) transitions to become the predominant pathogen during young adulthood. This transition is associated with PA biofilm formation and phenotypic changes. It is unclear how bacterial interactions within the CF lung microbiome can affect this transition or impact treatment of patients. Understanding the nature of these interactions may improve management and result in better treatment outcomes in CF patients.

**Objective:** To determine the effects of SA interactions on PA biofilm development and on antimicrobial resistance in the context of response of PA initial acquisition to eradication therapy (inhaled tobramycin).

**Methods:** This was a retrospective, cross‐sectional study taking place at the Hospital for Sick Children from 2009‐2014. SA clinical isolates (n=5) were obtained from children with CF that were not infected with PA. Bacterial SA filtrates were derived during planktonic or biofilm growth by separation of secreted material from bacterial cells. Newly acquired PA isolates were selected from patients who failed eradication therapy (n=5, persistent isolates) and those who had successful eradication therapy (n=5, eradicated isolates). The effects of SA filtrates on PA biofilm viability and thickness were assessed by confocal microscopy to examine the effects of SA filtrates on PA biofilms grown in a slide chamber.

**Results:** The presence of SA filtrates leads to increased microbial aggregation of persistent PA isolates in established PA biofilms but had no effect on eradicated PA isolates. This increased aggregation resulted in coverage of the slide chamber without impacting total viable counts of bacteria or biomass present (determined by CFU counts). Biofilms from persistent PA isolates grown in the presence of filtrates are also more resistant to antibiotic killing (at 1000mg/mL of tobramycin 60‐80% kill in media only vs. 22‐30% kill in 10% SA filtrate; p≤0.001 between untreated control and treated persistent strain). The presence of SA filtrates did not affect the planktonic minimum inhibitory concentration to tobramycin of the PA isolates tested. The presence of filtrates from most SA isolates (n=4) did not affect initial formation of PA biofilms grown in a slide chamber for 24 hours, with no difference in thickness or architecture observed.

**Conclusions:** Secreted products from SA are able to interact with established PA biofilms. PA response, including susceptibility to tobramycin, differs between bacterial strains from patients who failed eradication versus those from patients with successful eradication. An investigation to further delineate the mechanisms of PA response to SA filtrates is ongoing.

**Acknowledgements:** Cystic Fibrosis Canada Fellowship, ASM ID award.
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*****PSEUDOMONAS AERUGINOSA*** BENEFITS FROM RESPIRATORY VIRAL INFECTION IN CYSTIC FIBROSIS**

[Melvin, J.A.]{.ul}; Hendricks, M.R.; Bomberger, J. *Microbiology and Molecular Genetics, University of Pittsburgh, Pittsburgh, PA, USA*

Chronic lung infection with *Pseudomonas aeruginosa* is the primary cause of morbidity and mortality in cystic fibrosis (CF) patients. *P. aeruginosa* enters a biofilm mode of growth during chronic infection in the CF lung, conferring vastly increased resistance to clearance by the immune system and antimicrobials. Clinical studies have found a correlation between respiratory viral infection and pulmonary colonization with *P. aeruginosa*, though the mechanism underlying this phenomenon is unknown. Using a unique model of the initial interaction of *P. aeruginosa* with respiratory epithelium, we have recently demonstrated that respiratory viral infection of the airway epithelium stimulates rapid biofilm biogenesis by *P. aeruginosa*, that apical iron‐bound transferrin release is increased during respiratory viral infection, and that the increased iron levels are required for the induction of biofilm production (Hendricks MR, *Proc Natl Acad Sci USA*. 2016;113:1642‐7). Additional studies have isolated the primary source of the biofilm stimulatory effect to extracellular vesicles released by the airway epithelium during viral infection. Using a co‐culture system of polarized CF bronchial epithelial cells and *P. aeruginosa*, we are investigating the mechanism by which *P. aeruginosa* is able to take advantage of the pulmonary environment following viral infection, focusing on iron uptake and homeostasis pathways. Preliminary data suggest that *P. aeruginosa* utilizes multiple iron uptake pathways, including siderophores, to scavenge increased iron in apical secretions from airway epithelial cells during viral co‐infection. Iron is not sufficient, however, to induce *P. aeruginosa* biofilm biogenesis, as supplementation of media with transferrin at concentrations similar to those found in apical secretions of airway cells during viral infection did not induce biofilm biogenesis. These results suggest that either additional factors or nutrients are present on the extracellular vesicles released by the respiratory epithelium during viral infection or that the transferrin must be delivered on extracellular vesicles to stimulate biofilm biogenesis. RNA sequencing analysis of the *P. aeruginosa* transcriptome during viral co‐infection revealed decreased expression of ferrous iron uptake pathways and increased expression of an uncharacterized putative iron uptake system, indicating an adaptive response to the increased levels of extracellular vesicle‐associated transferrin during viral co‐infection. Additionally, we observed shifts in *P. aeruginosa* amino acid catabolism pathways during viral co‐infection, suggesting that metabolic changes also play a role in adaptation to the conditions created by the viral infection. These studies suggest that nutritional immunity is compromised in the lung during viral infection and that *P. aeruginosa* alters its iron homeostasis and metabolism to take advantage of the more permissive environment, providing a potential mechanism by which *P. aeruginosa* more readily colonizes the lungs of CF patients during respiratory viral infection.

Supported by the National Institutes of Health and the Cystic Fibrosis Foundation.
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**VIRAL‐BACTERIAL INTERACTIONS IN THE PARANASAL SINUSES IN CYSTIC FIBROSIS**

[Melvin, J.A.]{.ul} ^1^; Hendricks, M.R.^1^; Yang, G.^1,2^; Kiedrowski, M.^1^; Rowan, N.^3^; Johnson, M.^5^; Fitch, A.^4^; Brown, S.^4^; Myerburg, M.M.^4^; Williams, J.^5^; Morris, A.^4^; Lee, S.^3^; Bomberger, J.^1^ *1. Microbiology and Molecular Genetics, Univ of Pittsburgh, Pittsburgh, PA, USA* *; 2. Tsinghua Univ School of Medicine, Beijing, China* *; 3. Otolaryngology, Univ of Pittsburgh, Pittsburgh, PA, USA* *; 4. Medicine, Univ of Pittsburgh, Pittsburgh, PA, USA* *; 5. Pediatrics, Univ of Pittsburgh, Pittsburgh, PA, USA*

The gram‐negative opportunistic pathogen, *Pseudomonas aeruginosa,* is critical to the pathogenesis of cystic fibrosis (CF), accounting for the majority of the morbidity and mortality of patients with CF lung disease. In the later stages of CF, *P. aeruginosa* reside in chronic, antibiotic‐resistant biofilm communities in the lung, but little is known about the process by which chronic infections are established in the paranasal (PN) sinuses. Recent studies suggest that infection and colonization of the sinonasal cavity precedes colonization of the lower respiratory tract (Hansen SK, et al. ISME J. 2012;6:31‐45). In addition, acquisition of chronic bacterial colonization in CF patients strongly correlates with respiratory viral infection (van Ewijk BE, et al. J Cyst Fibros. 2005;4(2 Suppl):31‐6). We recently reported that respiratory viral infection promotes the conversion of *P. aeruginosa* to biofilm growth in association with bronchial epithelial cells and hastens the development of antibiotic resistance (Hendricks MR, et al. PNAS. 2016;113:1642‐7; Melvin JA, et al. mSphere. 2016;1:pii:e00083‐16). Enhanced biofilm growth was attributed to dysregulation of iron sequestration by the bronchial epithelium during viral infection, demonstrated through in vitro and in vivo observations of increased iron in the airway surface liquid. The current study extends these findings by investigating the impact of viral infections on chronic bacterial colonization and microbial communities in the PN sinuses. To test the hypothesis that iron homeostasis is also altered in the PN sinuses during viral infection, leading to increased bacterial colonization and biofilm growth, we performed a prospective study in a cohort of CF subjects with chronic rhinosinusitis. In this study, PN sinus secretions are being collected, as well as microbiome and viral swabs and associated clinical disease severity scores, approximately every three months starting January 2015. We have preliminarily analyzed iron levels in the PN sinus secretions in subjects at baseline and during viral infections. Viral infection was detected in 19% of our samples, with rhinovirus accounting for 90% of infections, and iron levels were significantly increased in PN sinus secretions during viral infection. Using primary PN sinus epithelial cells derived from CF patients, we observed an increase in *P. aeruginosa* biofilm growth in the presence of rhinovirus co‐infection. Preliminary microbiome analysis found *Pseudomonas* and *Staphylococcus* to be the dominant genera and suggest shifts in the microbial communities of the PN sinuses occur during or following viral infections. Clinical disease severity and quality of life scores were not acutely altered during viral infection. Further study is required to better define shifts in the microbial community during respiratory viral infection of the upper respiratory tract and determine the long‐term impacts on disease outcomes.

Supported by NIH, NSF, and CFF.
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**WITHIN‐HOST WHOLE GENOME ANALYSIS OF AN ANTIBIOTIC RESISTANT ***PSEUDOMONAS AERUGINOSA*** STRAIN SUB‐TYPE IN CYSTIC FIBROSIS**

[Sherrard, L.]{.ul} ^1^; Tai, A.^2,3,4^; Wee, B.^2^; Ramsay, K.^1,2^; Kidd, T.^2,5^; Ben Zakour, N.^2^; Whiley, D.^2^; Beatson, S.^2^; Bell, S.C.^1,3^ *1. QIMR Berghofer Medical Research Institute, Brisbane, QLD, Australia* *; 2. The University of Queensland, Brisbane, QLD, Australia* *; 3. The Prince Charles Hospital, Brisbane, QLD, Australia* *; 4. Sir Charles Gairdner Hospital, Perth, WA, Australia* *; 5. Queen\'s University Belfast, Belfast, United Kingdom*

**Objectives:** A *Pseudomonas aeruginosa* AUST‐02 strain sub‐type (M3L7) has emerged in Australia, which chronically infects the airway of some people with CF and is associated with increased antibiotic resistance (Tai AS, et al. PLoS ONE. 2015;10:e0144022). Here, whole genome sequencing (WGS) was principally used to investigate short‐term within‐host diversity and antibiotic resistance mechanisms of M3L7.

**Methods:** Eleven M3L7 isolates, that represented a range of different antibiotic susceptibility profiles, from a collection of 134 isolates cultured over 3 months from an individual with CF underwent WGS. A phylogeny was built and genomes were screened for acquired resistance genes using online databases (CARD, MERGEM, ResFinder). Chromosomal genes (n=136) associated with antibiotic resistance, hypermutation and pathoadaptation (based on a literature search), as well as intergenic regions were inspected for small genetic variants. The reference genome for the analyses was PAO1 (accession number: NC_002516).

**Results:** Three phylogenetic groups were identified comprising two mutator groups showing a frame‐shift mutation caused by a 1‐bp deletion (1660delT) in *mutL* and one non‐mutator group. No acquired antibiotic resistance mechanisms were detected suggesting M3L7 resistance is principally driven by chromosomal mutations. Ninety‐seven non‐synonymous chromosomal mutations possibly associated with antibiotic resistance were shared by all 11 isolates. These included a premature stop codon within *oprD* (E176\*) and a novel nucleotide substitution in the *ampC‐ampR* intergenic region that resides within the *ampC* ‐10 promoter region. WGS revealed mutations in 19 genes that were acquired following divergence of groups, which may also impact the activity of antibiotics and multi‐drug efflux pumps. Forty‐one genes previously associated with pathoadaptation (Marvig RL, et al. Nat Genet. 2015; 47:57‐64) had acquired non‐synonymous mutations.

**Conclusions:** These data further highlight the complexity of chronic *P. aeruginosa* infection, and that it may involve a multitude of co‐existing genotypically diverse sub‐lineages. The findings may suggest that a heterogeneous M3L7 population has adapted to niches of the CF airway.

**Acknowledgements:** Supported by an Australian Infectious Diseases grant, Queensland, Australia (QIMRB‐UQ seed grant).
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**PATHOGEN OR INNOCENT BYSTANDER? REVIEW OF ***EXOPHIALA***‐COLONIZED CYSTIC FIBROSIS PATIENTS AT A SINGLE UK CENTER**

[Anning, L.]{.ul} ^1^; Rider, K.^3^; Pavel, K.^3^; Enderby, B.^2^; Oades, P.^2^; Withers, N.^3^; Sheldon, C.^3^ *1. Intensive Care Unit, Musgrove Park Hospital, Taunton, Somerset, United Kingdom* *; 2. Department of Pediatrics, Royal Devon and Exeter NHS Foundation Trust, Exeter, Devon, United Kingdom* *; 3. Department of Respiratory Medicine, Royal Devon and Exeter NHS Foundation Trust, Exeter, Devon, United Kingdom*

**Introduction:** *Exophiala* has been reported as a lung colonizer in cystic fibrosis (CF) populations, but it is not clear if it is pathogenic or an innocent bystander. The aim of our review was to identify the prevalence of *Exophiala*, and to detect if there was evidence of clinical deterioration following colonization. Changes in microbiota were also assessed.

**Methods:** A retrospective case review of adult and pediatric CF patients colonized with *Exophiala*. Patients with *Exophiala* on sputum or cough swabs in a five‐year period were identified by the microbiology laboratory. Colonization was defined as two or more *Exophiala* isolates in a twelve‐month period, at least three months apart. Spirometry, BMI, sputum cultures, and blood tests were reviewed. Number of inpatient days, days on intravenous (IV) antibiotics, and medications prescribed were monitored. Variables were compared two years before and two years after the first recorded *Exophiala* isolation.

**Results:** *Exophiala* was isolated in 12 (6%) of the 195 CF patients from 2010 to 2015; 2 were excluded having only ever had one isolate. Six patients were female. Five were Δ*F508* homozygotes; the remainder were Δ*F508* heterozygotes, with the second mutations being *621+1G*\>*T, c. 178G*\>*T, R560T* or unknown. Median age at colonization was 14.5 years (range 10‐38 years). One patient died during the studied period. Most showed little change in FEV~1~, FVC and BMI though one patient deteriorated markedly. There was no significant difference in blood tests.

More patients were prescribed corticosteroids (inhaled and oral), antibiotics (nebulized and long‐term oral) and anti‐fungals in the two years post‐*Exophiala* colonization. Even excluding the patient who died, more days were spent as an inpatient and on IV antibiotics in the two years post‐*Exophiala* colonization. Proportion of isolations of *Pseudomonas aeruginosa* and *Candida* fell once *Exophiala* was isolated, but proportion of *Staphylococcus aureus* was unchanged. *Aureobasidium pullulans*, *Scedosporium apiospermum*, *Rothia mucilaginosa*, and *Haemophilus paraphrophilus* were also isolated. Once colonized, the proportion of sputum samples isolating *Exophiala* ranged from 13.3‐100% (median 50.3%).

**Discussion:** In our single‐center cohort, patients who isolated *Exophiala* had severe CF mutations. Although an increase in treatments and time spent as inpatients was observed post‐colonization, this may represent CF disease progression. A change in microbiota was observed following *Exophiala* colonization, the mechanism for this and its significance require further evaluation. Rarer fungal pathogens were also isolated. In some patients, fungal organisms appear to dominate the microbiome.

Our population was variable in terms of age at colonization, frequency of isolation and disease progression, ranging from patients with no change in clinical parameters, to one patient who deteriorated and died, with no cause other than *Exophiala* found for their decline. Further work is required to determine the reasons for the variable pathogenicity of this fungus.
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**PAAG15A REMOVES BIOFILMS AND POTENTIATES ANTIBACTERIAL ACTIVITY AGAINST ***BURKHOLDERIA CEPACIA*** COMPLEX CLINICAL ISOLATES**

Townsend, S.; Narayanaswamy, V.; [Baker, S.]{.ul}; Wiesmann, W. *Synedgen, Inc., Claremont, CA, USA*

**Background:** Limited therapeutic options, enhanced virulence properties, and phenotypic adaptations such as mucoid phenotypes contribute to an expanding threat to effective therapies for *Burkholderia cepacia* complex lung biofilm infection, frequently associated with cystic fibrosis (CF). Thick mucus and biofilm formation in the CF lung can render therapeutics less effective. A series of non‐toxic derivatized polyglucosamines shown to be broadly active at dermal and mucosal interfaces encompass a newly developed class of molecules designated poly (acetyl, arginyl) glucosamine (PAAG). Specifically, the PAAG15A derivative is a non‐toxic, soluble, biopolymer shown to potentiate a wide range of antibiotics against both gram‐negative and gram‐positive bacteria and to effectively dissolve biofilms, including those of *B. cepacia* complex. The three‐dimensional checkerboard synergy and minimal biofilm eradication concentration (MBEC) assays were used to examine antibiotic synergy against planktonic bacteria and the removal of biofilms formed by several clinical isolates of *B. cepacia* complex associated with cystic fibrosis, respectively. These studies demonstrate the ability of PAAG15A to potentiate antibiotic activity and remove biofilms with the goal of supporting more effective treatments.

**Methods:** The MBEC assays were performed using 5 *B. cepacia* complex strains isolated from sputum from cystic fibrosis patients to compare biofilm reduction by PAAG15A (Parker AE, et al. J Microbial Methods. 2014;102:55‐64). Strains of *B. cepacia* complex consisted of a multi‐drug resistant and/or mucoid phenotype clinical isolates obtained from Seattle Children\'s Hospital and Cystic Fibrosis Research Center Birmingham, Alabama. Antibacterial potentiation was determined using the 3D checkerboard assay (Stein C, et. al. PLoS ONE. 2015;10(6):e0126479).

**Results:** Concentrations of PAAG15A ranging from 50‐200 μg/mL significantly reduced *B. cepacia* complex biofilms following once daily 10‐minute treatment (p\<0.05). Treatments with 50‐200 μg/mL PAAG15A significantly reduced pre‐formed *B. cepacia* complex biofilms in a dose‐dependent manner after 1‐hour treatment (p\<0.05). The PAAG15A treated biofilms had up to 2‐logs less bacteria than untreated biofilms. Potentiation of tobramycin and meropenam was observed in combination with between 32‐1024 μg/mL PAAG15A. The fractional inhibitory concentration (FIC) calculations showed PAAG was able to potentiate antibacterial synergy (FIC=0.03) beyond the range achieved by antibiotics alone (FIC=1.3). The FIC demonstrating synergy with antibiotics alone decreased 2‐fold upon the addition of PAAG15A to further enhance antibacterial synergy.

**Conclusion:** PAAG15A is an effective antibiofilm agent that facilitates the removal of biofilms *in vitro*. These studies show that *B. cepacia* complex biofilms are removed by PAAG15A in a dose‐dependent manner. Studies also show that PAAG15A does not interfere with the antibacterial activity of tobramycin and meropenam and actually potentiates these antibiotics. The novel multifunctional activity of PAAG15A may result in more positive therapeutic outcomes, particularly in cystic fibrosis‐related infections.
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**RISK FACTORS ASSOCIATED WITH CHRONIC ***PSEUDOMONAS AERUGINOSA*** INFECTION IN A PEDIATRIC CYSTIC FIBROSIS POPULATION**

[Terlizzi, V.]{.ul}; Galici, V.; Campana, S.; Dolce, D.; Ravenni, N.; Taccetti, G.; Braggion, C. *Pediatric Department, Cystic Fibrosis Centre, Meyer Children\'s Hospital, Florence, Italy*

**Background:** Chronic *Pseudomonas aeruginosa* (Pa) infection is associated with more rapid lung function decline, increased hospitalizations and poorer survival. For this reason, current cystic fibrosis (CF) care guidelines emphasize the relevance of Pa early detection and antibiotic treatment.

**Objective:** 1) To evaluate in a cohort of pediatric CF patients the role of the first Pa isolation and nutritional status at 1 year of age as risk factors for chronic Pa infection; 2) to evaluate if the chronic Pa infection influences lung function and the nutritional status at the age of 7 years old.

**Methods:** We performed a retrospective analysis of all patients in follow‐up at Florence Cystic Fibrosis Centre who had: 1) CF diagnosis (sweat chloride ≥ 60 mmol/L and two known CF mutations); 2) age ≥ 7 and ≤ 18 years; 3) spirometric and microbiological evaluation at least 4 times a year. For each patient we evaluated: age at first Pa colonization, age of chronic Pa colonization, pancreatic status (pancreatic insufficiency (PI) or pancreatic sufficiency (PS), weight‐for‐length percentile (W/L pc) at 1 year of age, best percentile of body mass index (BMIpc) and forced expiratory volume in the 1st second (FEV~1~) at the age of 7 years. Pa microbiological status was defined according to the Leeds criteria. All patients with Pa infection received the following treatment for eradication: twice‐daily inhalation of 300 mg tobramycin solution or 2 000 000 IU colistin and 30 mg/kg/day of oral ciprofloxacin divided into two doses for 28 days. At the end of the therapy all patients repeated the culture in order to evaluate the eradication of the microorganism.

**Results:** 88 patients were eligible for the study: in 18 out of 88 (20.5%) Pa had never been isolated, while in 70/88 (79.5%) there had been at least one isolation of Pa during the follow up; in this group of patients, 53/70 (75,7%) eradicated Pa infection (group 1: 35/53 had PI, 18/53 had PS), while in 17/70 (24.3%) the eradication therapy failed and they developed a chronic Pa infection at a mean age of 6.7 years (group 2: 15/17 had PI, 2/17 had PS). The mean age at first Pa infection did not differ between the two groups (3 ± 3.9 years vs 3.9 ± 3.6 years, P value \> 0.05). The W/L pc at 1 year of age was available in 47/53 subjects of group 1 and in 12/17 subjects of group 2: in 5/47 (10.6%) and 1/12 (8.3%) cases the W/L pc was below the 10th percentile. The mean W/L pc value did not differ between the two groups (P value \> 0,05). Patients with chronic Pa infection had worse FEV~1~ value and pcBMI value at the age of 7 years than patients with intermittent infection (FEV~1~ 88% ± 24.2 vs FEV~1~ 106% ± 19.3; P value \< 0.005; BMIpc 40.9° ± 25.8 vs BMIpc 50.1° ± 29; P value \< 0.05).

**Conclusions:** The age at first Pa isolation and the nutritional status at 1 year of age do not influence the development of chronic Pa infection. Chronic Pa infection is associated with a worse lung function and nutritional status at 7 years.
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**GENETIC BACKGROUND OF METHICILLIN‐RESISTANT ***STAPHYLOCOCCUS AUREUS*** ISOLATES FROM CYSTIC FIBROSIS PATIENTS: A THREE‐YEAR LONGITUDINAL STUDY**

[Dolce, D.]{.ul} ^1^; Ravenni, N.^1^; Campana, S.^1^; Camera, E.^1^; Orioli, T.^1^; Neri, S.^3^; Braggion, C.^1^; Manara, S.^2^; Pasolli, E.^2^; Armanini, F.^2^; Segata, N.^2^; Taccetti, G.^1^ *1. CF Center, Department of Pediatric Medicine, Anna Meyer Children\'s University Hospital, Florence, Italy* *; 2. Center for Integrative Biology, University of Trento, Trento, Italy* *; 3. Department of Health Sciences, University of Florence, Florence, Italy*

**Background:** Methicillin‐resistant *Staphylococcus aureus* (MRSA) infection affects pulmonary function and survival of cystic fibrosis (CF) patients. However, only a few studies have investigated the genetic characteristics of MRSA and their clinical impact in CF.

**Aims:** Our goal was to characterize the genetic background of MRSA isolates in our CF center over the last three years.

**Methods:** All MRSA isolates collected from patients in regular follow‐up during the last 3‐year period were included. At least one strain/year/patient was analyzed. Genome sequencing at \> 60x coverage was performed on the Illumina MiSeq platform resulting in a total of 74 high‐quality reference genomes *de novo* assembled using SPAdes. Genome analysis was performed to infer whole‐genome phylogenies, epidemiology patterns, multilocus sequence typing (MLST) loci and types.

**Results:** Seventy‐five MRSA strains from 34 patients (58.8% male, median age 13.4 years, range 2.57‐52.15 years) were analyzed. The mean MRSA colonization time was 1.57 years (1.24 SD). Fifteen (44.1%) of 34 patients harbored MRSA for less than one year (mean time 0.32 years ± 0.32 SD) and SCC*mec* type IV was detected in 12/15 (80%) patients. Nineteen (55.9%) of 34 patients harbored MRSA for more than one year (mean time 2.50 years ± 0.71 SD) and SCC*mec* type IV was detected in 5/19 (26.3%) patients (Fisher\'s exact test P= 0.006). MLST and SCC*mec* analysis indicated that 15 different clones were present in our cohort. Most of them (66%) belonged to known epidemic lineages (Table). Thirty‐two (94%) out of 34 patients were infected by a single MRSA clone. Most of the MRSA isolates were grouped into 3 lineages: ST5, ST228 and ST1866 (differing from ST5 by a single mutation in the *pta* allele). These clones were very closely related to each other (576 single nucleotide variations on average). The ST228 clone has been previously described as a Southern Germany epidemic clone. Whole genome analysis also showed that clones underwent genetic adaptation independently in each patient with several single nucleotide specific variants.

**Conclusions**: We confirm that MRSA isolates from those patients infected for a longer period belonged mainly to Hospital‐Acquired (HA)‐MRSA. Most patients were infected with the same clone for several years with evidence of patient‐specific strain adaptation. Overall, investigation of MRSA genetic background is important to assessing MRSA epidemiology and may lead to improvement of clinical management of these infections.

**Acknowledgments:** Grant RF‐2010‐2316176 Bando di Ricerca Finalizzata e Giovani Ricercatori, Italy.

**Table. Overview of MRSA clones from 34 CF patients**
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\* ST5‐II and ST1866‐II isolated from the same patient in different years ° ST152‐III and ST239‐III isolated from the same patient in different years n.id. = not identified
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**A NOVEL COMBINATION OF TOBRAMYCIN WITH A POTENTIATOR FOR THE TREATMENT OF CHRONIC ***PSEUDOMONAS AERUGINOSA*** INFECTIONS**

Koeva, M.^1^; Gutu, A.D.^2^; Hebert, W.^3^; O\'Toole, G.A.^3^; Ausubel, F.M.^2^; [Joseph‐McCarthy, D.]{.ul} ^1^ *1. EnBiotix, Cambridge, MA, USA* *; 2. Massachusetts General Hospital, Boston, MA, USA* *; 3. Geisel School of Medicine at Dartmouth, Hanover, NH, USA*

**Introduction:** EBX‐001, a combination of tobramycin with a bacterial metabolite as a potentiator, is being developed for the treatment of chronic *P. aeruginosa* infections in cystic fibrosis patients. The combination utilizes an anti‐persisters strategy and is aimed at reducing recurrent infections.

**Methods:** MICs were determined for a variety of CF clinical isolates to select a diverse set of strains for inclusion in the study. *P. aeruginosa* cultures in planktonic stationary phase (PSP) were used to select for bacterial persisters, bacteria in a quasi‐dormant state. In these PSP experiments, a range of tobramycin concentrations was tested with a range of metabolite concentrations to determine the potentiation effect of the metabolite under a variety of conditions. In addition, 96‐well dish biofilm and bacterial aggregation assays were performed.

**Results:** Enhanced killing of up to 6 orders of magnitude of *P. aeruginosa* persisters for a range of strains was observed in the PSP experiments; see example for a mucoid CF isolate in the Figure below. Potentiation was also observed in biofilm and aggregation assays.

**Conclusions:** A combination of tobramycin with a potentiator remains an attractive therapeutic option for eliminating recurrent *P. aeruginosa* infections through the eradication of bacterial persisters.

![](PPUL-51-S194-g040.jpg "ppul23576-gra-0040")

**Metabolite‐enabled eradication of** ***Pseudomonas*** **persisters from PSP cultures.** Cells were enumerated after 4 hours of exposure to the tobramycin‐potentiator combination.
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**PULMONARY DELIVERY OF PUR1900 ENABLES HIGH LUNG EXPOSURE OF ITRACONAZOLE RELATIVE TO ORAL DOSING**

[Curran, A.K.]{.ul}; McIntyre, K.T.; Tracy, H.S.; Nabulsi, F.; Perry, J.M.; Sung, J.C.; Hava, D. *Pulmatrix, Lexington, MA, USA*

Pulmonary aspergillosis is a common infection that can result in significant morbidity and mortality in patients with cystic fibrosis. Depending on the state of the host, infection can result in *Aspergillus* bronchitis or allergic bronchopulmonary aspergillosis (ABPA), each of which are associated with diminished lung function and pulmonary exacerbations. Standard of care generally calls for oral doses of triazoles that inhibit fungal cytochrome P450s and inhibit fungal growth. Itraconazole (ITZ) and other triazoles are commonly used as first‐line therapies for fungal infections. These treatments are generally poorly and variably bioavailable and result in a number of systemic side effects that limit their therapeutic potential. In addition, ITZ and other triazoles have an extensive list of drug‐drug interactions that require drug monitoring during treatment and may lead to hepatotoxicity. We hypothesized that inhaled delivery of ITZ as a dry powder (PUR1900) would result in significantly higher lung exposure and lower systemic exposure relative to oral dosing. This profile may allow for improved efficacy, reduced overall dose and reduced drug‐drug interactions.

A 7‐day repeat dose study in rats was performed to assess lung and systemic exposure levels of ITZ following inhaled (PUR1900) or oral (Sporanox) exposure. Oral ITZ (Sporanox® solution, 10 mg/mL) was dosed daily *via* oral gavage at 5 mg/kg/day. PUR1900, a novel dry powder formulation of ITZ was delivered by nose‐only inhalation with an average achieved delivered dose of 5.2 mg/kg/day. In rodent dosing, approximately 10% of the delivered dose is considered to have reached the lung (0.52 mg/kg/day), with the remaining 90% filtered by the nasopharynx and ultimately likely swallowed. Blood samples were collected on Days 1 and 7 at pre‐dose, immediately after dose and 2, 4, 8 and 24 hours after dose. Lung tissue was collected on Day 1 immediately after dose and 24 hours after dose and on Day 7, 24 hours after dose for measurement of itraconazole and the active metabolite, hydroxy‐itraconazole (OH‐ITZ).

Systemic exposure (AUC and C~max~) to both ITZ and OH‐ITZ was lower following inhalation than following oral exposure on both Days 1 and 7. Peak lung itraconazole levels immediately after dose on Day 1 were approximately 300‐fold higher in animals dosed with PUR1900 via inhalation versus animals dosed orally. Trough itraconazole lung levels on Day 1 (24 hours after dose) and Day 7 (24 hours after dose) were similar for both inhaled and oral dose routes.

These data demonstrate the potential for PUR1900 to enable significantly higher pulmonary levels of itraconazole to reach the site of fungal infection. This approach has the potential to improve disease outcome while reducing the side effect profile associated with oral dosing.

**334**

*****STAPHYLOCOCCUS AUREUS*** PROTEIN A MEDIATES INTERSPECIES INTERACTIONS AT THE CELL SURFACE OF ***PSEUDOMONAS AERUGINOSA*****

[Armbruster, C.R.]{.ul} ^2^; Wolter, D.^1,5^; Mishra, M.^3^; Hayden, H.^2^; Radey, M.^2^; Merrihew, G.^4^; MacCoss, M.J.^4^; Burns, J.L.^1,5^; Wozniak, D.J.^3^; Parsek, M.R.^2^; Hoffman, L.^1,5^ *1. Pediatrics, University of Washington, Seattle, WA, USA* *; 2. Microbiology, University of Washington, Seatte, WA, USA* *; 3. Microbial Infection and Immunity, The Ohio State University, Columbus, OH, USA* *; 4. Genome Sciences, University of Washington, Seattle, WA, USA* *; 5. Seattle Children\'s Hospital, Seattle, WA, USA*

Bacteria rarely exist in isolation, whether on human tissues or in the environment, and they frequently co‐infect with other microbes. Co‐infection by *Staphylococcus aureus* with *Pseudomonas aeruginosa* occurs commonly in people with cystic fibrosis (CF) and is associated with higher lung disease morbidity and mortality. While previous studies have demonstrated interactions between these two species that impact growth and metabolism, little is known regarding the impact of polymicrobial interactions on biofilm formation, a bacterial community lifestyle suggested to predominate within CF lungs and to result in persistent infections. *S. aureus* secretes numerous exoproducts that are known to interact with host tissues, influencing inflammatory responses. The abundantly secreted *S. aureus* protein A (SpA) binds a range of human glycoproteins, immunoglobulins, and other molecules, with diverse effects on the host, including inhibiting phagocytosis of *S. aureus* cells. However, the potential effects of SpA and other *S. aureus* exoproducts on co‐infecting bacteria have not been explored. Here we show that *S. aureus* secreted products, including SpA, significantly alter two behaviors associated with persistent infection. We found that SpA inhibited biofilm formation by some *P. aeruginosa* CF sputum isolates, and it also inhibited phagocytosis by neutrophils of all *P. aeruginosa* isolates tested. Our results indicate that these effects were mediated by binding to at least two *P. aeruginosa* cell surface structures---type IV pili and the exopolysaccharide Psl--- that confer attachment to surfaces and to other bacterial cells. Thus, we found that the role of a well‐studied *S. aureus* exoproduct, SpA, extends well beyond interactions with the host immune system, impacting persistence‐related behaviors of another important and common CF pathogen. Because *S. aureus* frequently precedes *P. aeruginosa* in colonizing CF patient lungs, these findings suggest new models of how microbial community interactions can impact persistence and host interactions during co‐infection.
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**EFFECTIVENESS OF A ***PSEUDOMONAS AERUGINOSA*** ERADICATION PROTOCOL IN CHILDREN WITH CYSTIC FIBROSIS**

Blanchard, A.C.^1^; [Horton, E.]{.ul} ^2^; Stanojevic, S.^2^; Taylor, L.^2^; Waters, V.J.^1^; Ratjen, F.^2^ *1. Division of Infectious Diseases, Department of Pediatrics, The Hospital for Sick Children, University of Toronto, 555 University Avenue, Toronto, ON, Canada* *; 2. Division of Respiratory Medicine, Department of Pediatrics, The Hospital for Sick Children, University of Toronto, Toronto, ON, Canada*

**Introduction:** Antibiotic eradication therapy (AET) for first or early *Pseudomonas aeruginosa* (Pa) infection has become standard of care in children with cystic fibrosis (CF), but there are limited data on the success of multi‐step protocols for AET. We aimed to evaluate the effectiveness of a multi‐step eradication protocol for new‐onset Pa infections in children with CF.

**Methods:** A three‐step protocol of AET was developed in 2009 involving 28 days of tobramycin inhalation solution (TIS) for first or newly acquired Pa infection (step 1), a second 28‐days course of TIS for patients failing to convert to negative culture after the first cycle (step 2) and 14 days of intravenous antibiotics followed by 28 days of TIS for patients failing the second eradication attempt (step 3). We conducted a retrospective review of all pediatric CF patients who had new‐onset Pa infections, defined as a newly positive sputum culture between January 2010 and December 2015. Eradication success was defined as a negative culture for Pa after treatment. The success rate of each treatment step and the cumulative success rate were recorded.

**Results:** During the 5‐year study period, 124 patients had a total of 216 new‐onset Pa infections. A total of 18 cases were symptomatic and treated with IV antibiotics followed by 28 days of TIS, of which 72% became Pa culture‐negative. Pa infection was asymptomatic in 187 cases; the average age at the time of infection was 10 years (range 0.2‐17.8). Of the asymptomatic cases, 151 (80.7%) became culture‐negative for Pa after the first TIS cycle and an additional 10 (27.8%) cleared after the second cycle, with a cumulative success rate of 86.1%. Intravenous antibiotics followed by 28 days of TIS were administered in 24 cases, of which 9 cases (37.5%) successfully cleared. Fifteen cases (8%) failed all the steps and were considered chronically infected with Pa. Overall, the cumulative success rate of the multi‐step protocol was of 90.9%.

**Conclusions:** While the first step of the protocol led to the greatest eradication success, the additional steps improved the overall eradication success rate. A randomized controlled trial is warranted to define the optimal treatment strategy for patients failing the initial eradication protocol.
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*****MYCOBACTERIUM ABSCESSUS*** DISPLAYS FITNESS FOR AIRBORNE TRANSMISSION**

[Malcolm, K.C.]{.ul} ^1,2^; Caceres, S.^1^; Davidson, R.M.^1^; Epperson, L.E.^1^; Honda, J.^1^; Chan, E.^1^; Strong, M.^1^; Nick, J.A.^1^ *1. National Jewish Health, Denver, CO, USA* *; 2. University of Colorado, Denver, Aurora, CO, USA*

**Rationale:** *Mycobacterium abscessus* is a fast‐growing nontuberculous mycobacteria and is emerging as a major pathogen in CF. Prevalence is increasing and *M. abscessus* infections are associated with accelerated declines in lung function and are characterized by extreme intrinsic drug resistance. Recently, a subspecies in the *M. abscessus* group, *M. massiliense*, but not the *M. abscessus* ssp. *abscessus*, has demonstrated person‐to‐person transmission. Mycobacterial species have been detected in soil and water, although the exact environmental source of *M. abscessus* infection remains unknown. The capacity to identify the source of *M. abscessus* allows strategies to modify the risk of infection and transmission in CF patients. We hypothesize that particle‐associated growth of *M. abscessus* is supported and thereby tested fitness and growth models of *M. abscessus* using defined and environmental dust samples.

**Methods:** Airborne sampling was performed in clinic and home environments. DNA was isolated from filters, and PCR‐amplified 16s rRNA amplicons were sequenced. Sequence reads were compared to multiple 16S rRNA sequence databases with the QIIME analysis software using an open reference operational taxonomic unit (OTU) picking analysis pipeline that generates an annotated OTU count table (bacterial profile). *M. abscessus* cultures were grown in the presence of defined dust‐like particles (mineral clay kaolin, silicone dioxide), or sterile samples of environmental dust from home and office. Association of *M. abscessus* with dust particles was determined by light and fluorescence microscopy. Growth in dust samples was compared to that in media alone for 10 days. The susceptibility of *M. abscessus* to antibiotic treatment was also tested. The ability of *M. abscessus* associated with dust samples, including clinical isolates, to recover from desiccation was tested over various times.

**Results:** Mycobacterial species were detected in airborne environmental samples. In vitro, direct association of *M. abscessus* with defined and environmental dust samples was observed. Growth of *M. abscessus* was enhanced in the presence of environmental dust samples when compared to growth in media alone, but not appreciably different between dust samples. Antibiotic susceptibility was not changed in the presence of particles. To test the ability of *M. abscessus* to survive on particles, cultures of dust‐associated *M. abscessus* were dried for up to 21 days and reconstituted in growth medium to determine viability. *M. abscessus*, including CF clinical isolates, survived desiccation for up to 14 days.

**Conclusions:** The detection of mycobacteria in environmental samples, and association and growth on chemically defined and environmental particles indicate the capacity of particle‐associated *M. abscessus* as an environmental source of infection. Importantly, *M. abscessus* can survive desiccation for extended periods suggesting the potential for dissemination from environmental sources. These data indicate the fitness of *M. abscessus* in a likely environmental state and in physical association with particles having airborne potential, and suggests new targets of infection control.

Supported by the Cystic Fibrosis Foundation (NICK13A0 and MALCOL14G0).
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**IMPACT OF DUAL ROTATING INHALED ANTIPSEUDOMONAL ANTIBIOTICS ON FEV1 IN PEDIATRIC AND ADULT CYSTIC FIBROSIS PATIENTS**

[Hood, K.]{.ul}; Novak, K.J. *Pharmacy, Nationwide Children\'s Hospital, Columbus, OH, USA*

**Purpose**: In CF patients with moderate to severe lung disease and chronic *Pseudomonas aeruginosa* infection, current guidelines recommend chronic inhaled antibiotics given in 28‐day on/off cycles. Tobramycin and aztreonam are the only two agents currently approved for this use. Based on the annual CF Foundation Patient Registry reports from 2009‐2012, clinical practice is trending towards use of a continuous rotation of two inhaled antibiotics, as opposed to a 28‐day on/off cycle using only a single agent. Current guidelines do not address incorporating both medications into a patient\'s maintenance regimen, and there are no clinical trials that have been able to effectively evaluate the risks and benefits of such therapy. Therefore, the primary objective of this study was to compare lung function (FEV1) and number of pulmonary exacerbations one year leading up to the initiation of dual rotating inhaled antibiotic therapy and one year after being on dual therapy. The secondary objective was to determine whether the CF care team evaluated and documented the outcomes of dual therapy and assessed the benefits and/or risks of continuing dual therapy.

**Methods**: A retrospective review was conducted on all pediatric and adult CF patients who received dual rotating inhaled antibiotics for at least one year at a large free‐standing children\'s hospital housing both pediatric and adult CF centers from January 1, 2010 to December 31, 2015. Data collected included patient demographics, lung function values (annual best and mean FEV1), number of pulmonary exacerbations one year leading up to the initiation of dual inhaled antipseudomonal antibiotic therapy and one year after being on dual therapy. Data were also collected on specific inhaled antipseudomonal antibiotics used, concomitant CF medications, and electronic medical record documentation. The primary objective was evaluated using the Wilcoxon Signed Rank Test for non‐parametric data, and the secondary objective was evaluated using descriptive statistics.

**Results**: A total of 27 patients were included in this study (age 10 to 39 years). The majority of patients (89%) had a mean FEV1 ≥ 40%; 78% of patients received inhaled tobramycin as monotherapy; and 70% received concomitant azithromycin. For the primary outcome, there was a statistically significant decrease in mean and best FEV1 (3% and 4%, p\<0.05) when patients were switched from monotherapy to dual therapy; however this decrease is consistent with the annual FEV1 decline we expect in this patient population. There was no statistically significant difference in frequency of pulmonary exacerbations. In a subgroup analysis of patients receiving inhaled aztreonam as monotherapy, there was a statistically significant decrease in best FEV1 by 10 percentage points when patients were transitioned to dual therapy (p\<0.05). This significant decline was not seen in patients receiving inhaled tobramycin as monotherapy when transitioned to dual therapy. Only 33% of patients had documentation within the electronic medical record assessing continuation of dual therapy.

**Conclusion**: Overall, dual rotating inhaled antipseudomonal antibiotics did not appear to improve lung function or decrease the frequency of pulmonary exacerbations in patients with cystic fibrosis.
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**DOES THE CYSTIC FIBROSIS PHLEGM FEED THE ***PSEUDOMONAS***?**

[Baldock, S.]{.ul} ^1^; Yesilkaya, H.^1^; Rousseau, K.^2^; Thornton, D.J.^2^; Andrew, P.^1^; Gaillard, E.^1^ *1. Department of Infection, Immunity, and Inflammation, University of Leicester, Leicester, United Kingdom* *; 2. Faculty of Life Sciences, University of Manchester, Manchester, United Kingdom*

**Introduction:** *Pseudomonas aeruginosa* is an important pathogen in cystic fibrosis (CF) with the majority of adults being chronically colonised with this organism. *Pseudomonas* colonises by adhering to mucins and forming biofilms within the stagnant airway mucus layer, but how it survives remains to be elucidated. *P. aeruginosa* is metabolically versatile, being able to survive in nutrient poor environments, but currently no data explains how *P. aeruginosa* specifically survives in the airway. Preferentially chosen sources of nitrogen and carbon are known to come from amino acids and polyamines, but sugars such as glucose which is elevated in the CF airway are less preferred substrates, although efficiently metabolised via the Entner‐Doudoroff pathway. If preferred nutrients are offered in a mixture along with non‐favoured carbon sources, catabolism of preferred substrates is regulated in an orderly fashion by catabolite repression control. Mucins are highly glycosylated polypeptides in abundance in the CF airway and may offer an alternative nutrient source to glucose. Understanding the specific nutrient source of *Pseudomonas* may allow identification of novel therapeutic targets to treat patients colonised with this organism.

**Aim:** To evaluate whether airway mucins provide a nutrient source for *Pseudomonas*.

**Methods:** Sputum samples were dialysed in order to remove low molecular weight sugars, lyophilised, dissolved in ultrapure water, and autoclaved in the presence of potassium phosphate buffer which protects against pH‐induced cleavage of monosaccharides during autoclaving. Strains, PA01 and PA14, were grown in samples supplemented with M9 and growth was assessed via colony forming unit counts/mL by serially diluting culture samples and plating on Luria agar at defined time intervals. Bacteria were then incubated overnight at 37^o^C. Specific growth rates were calculated at log growth phase. Sputa were purified via caesium chloride/4M guanidine hydrochloride density gradient centrifugation and fractions containing MUC5B and MUC5AC mucins were identified, pooled, and processed for growth studies as previously described. Growth in the mucin sugars: galactose, fucose, sialic acid, N‐acetylglucosamine, and N‐acetylgalactosamine was also assessed.

**Results:** *P. aeruginosa* laboratory strains PA01 (p=0.0001) and PA14 (p=0.0004) showed an increased growth rate in 0.4% (w/v) adult vs. paediatric CF sputum (n=4). There was also an increased growth rate of PA01 when grown in 0.1% (w/v) adult vs. paediatric CF purified mucin fractions (p=0.0376, n=5). PA01 was unable to grow on 0.4% (w/v) mucin sugars compared to the negative control but could grow on glucose (n=3).

**Conclusions:** This is the first report of a difference in growth rate of *P. aeruginosa* in adult and paediatric CF sputum and mucin. Currently the reasons for better growth on adult mucus remains to be explained since it was shown that although *Pseudomonas* can use glucose, it appears unable to use sugars within mucins as a nutrient source. Further work is needed to clarify whether *Pseudomonas* has the ability to grow on mucin protein, or growth is due to other factors within the CF airway which favour growth on adult mucus.
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**A POPULATION GENOMICS LONGITUDINAL STUDY OF ***P. AERUGINOSA*** REVEALS ADAPTIVE CHANGES RELATED TO THE ACQUISITION OF MULTIDRUG‐RESISTANT PHENOTYPES DURING PERSISTENCE IN CYSTIC FIBROSIS AIRWAYS**

[Bianconi, I.]{.ul}; D\'Arcangelo, S.; Benedet, M.; Bailey, K.; Jousson, O. *Microbial Genomics Laboratory, Centre for Integrative Biology (CIBIO), University of Trento, Trento, Italy*

Infection with multidrug‐resistant (MDR) *P. aeruginosa* is the main cause of morbidity and mortality in CF patients. *P. aeruginosa* develops MDR phenotypes during its persistence in CF airways accumulating pathoadaptive mutations. Whole‐genome sequencing (WGS) can help to identify and predict potential molecular mechanisms of resistance and has already proved to be able to predict antimicrobial susceptibility in several pathogens. Despite several WGS studies on *P. aeruginosa* CF lineages that have been published, the evolutionary trajectories in relation to the development of antimicrobial resistance remain mostly unexplored to date.

In this study we monitored the development of MDR in *P. aeruginosa* during its microevolution in the CF airways to provide an innovative, genome‐wide picture of the acquisition of antibiotic resistance and to identify novel mechanisms allowing survival and persistence in CF patients under antibiotic therapy.

We sequenced the genomes of 40 *P. aeruginosa* clinical strains obtained from the Trentino Regional Support CF Centre (Italy) and isolated from the sputum of a single CF patient over an eight‐year period (2007‐2014). Genotypic analysis of the population by in silico MLST revealed a characteristic single clonal population dominated by ST390 and five closely related new ST variants indicating that all members of the population likely belong to the same clonal lineage and evolved from a common ancestor.

Phenotypic analysis showed previously reported characteristics of adaptation to the CF lung, including loss of motility, protease secretion and pigment production, as well as changes in production of exopolysaccharides. While early isolates were found to be susceptible to almost all antibiotics, resistant phenotypes dramatically increased over time in the persistent population. Phenotypic and genomic analyses of the population indicated a correlation between the evolution of antibiotic resistance profiles and phylogenetic relationships.

We then focused our attention on a subgroup of five clonal isolates belonging to ST1864, one susceptible to antibiotics, two resistant to some antibiotics and two MDR. Not only did they share the same genetic background, but they presented the same phenotypic traits that play a key role in *P. aeruginosa* adaptation process and may be involved in phenotypic resistance. When the genomes were analysed through the Comprehensive Antibiotic Resistance Database to detect the presence of resistance genes, we did not found any differences between the five strains, neither for presence or absence of specific genes nor for significant mutations. This is consistent with the hypothesis that these MDR phenotypes arose from as yet uncharacterized genomic determinants.

We are currently investigating further the genome and transcriptome of these isolates looking at uncharacterized variations potentially involved in the development of MDR phenotype.

This work was supported by a donation from Associazione Trentina Fibrosi Cistica.
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**MODULATION OF THE INFLAMMATORY RESPONSE IN CYSTIC FIBROSIS PERIPHERAL BLOOD MONOCYTES BY MATRIX METALLOPROTEINASE ACTIVITY**

[Hazlett, H.F.]{.ul}; Nymon, A.B.; Armstrong, D.A.; Ashare, A. *Pulmonary, Dartmouth‐Hitchcock Med Ctr, Lebanon, NH, USA*

**Introduction:** Many matrix metalloproteinases (MMPs) are expressed in response to inflammation and inflammatory diseases. In the serum of patients with cystic fibrosis (CF), the upregulation of several MMPs correlates positively with pulmonary exacerbations and decreased lung function (Roderfeld M, et al. J Cyst Fibros. 2009;8(5):338‐47). CF patients have high levels of circulating bacterial lipopolysaccharide (LPS), and their monocytes express a LPS‐desensitized phenotype that impairs their ability to respond to bacterial stimuli (del Campo R, et al. PLoS ONE. 2011;6(12): e29577). Because MMP activity has been linked with creating a LPS‐desensitized phenotype via cleavage of triggering receptor expressed on myeloid cells (TREM‐1) in healthy human monocytes, we hypothesized that MMPs could play a modulatory role on the inflammatory immune response of CF monocytes (Gómez‐Piña V, et al. J Immunol. 2007;179:4065‐4073). Although it is known that CF patients have elevated circulating MMPs, the impact of MMP modulation on the ability of CF monocytes to respond to bacterial stimuli, such as LPS, has not been fully characterized.

**Methods:** Experiments were performed using primary human peripheral blood monocytes isolated from either healthy or CF subjects. Total RNA was isolated for cDNA library generation and assayed for the mRNAs of interest using reverse transcription polymerase chain reaction (RT‐PCR).

**Results:** To characterize the phenotypic alterations induced by MMP inhibition, CF and healthy monocytes were subjected to LPS stimulation with and without MMP inhibition. The inflammatory response to this paradigm was measured at various time‐points by profiling mRNA expression. At 3 hours after stimulation with LPS, CF monocytes expressed higher IL‐10 mRNA in comparison to healthy control monocytes. IL‐10 and TNF‐alpha mRNA expression was greater in healthy MMP‐inhibited LPS‐stimulated monocytes compared to control monocytes stimulated with LPS alone. In MMP‐inhibited LPS‐stimulated CF monocytes, we found a temporal downregulation of IL‐10 and no change in TNF‐alpha mRNA expression at 3 hours compared with CF monocytes stimulated with LPS alone. Interestingly, CF monocytes exhibited rapid upregulation of TREM‐1 gene expression at 3 hours stimulation with MMP inhibitor regardless of LPS stimulation, whereas healthy monocytes exhibited very little change in TREM‐1 gene expression under any condition.

**Conclusion:** These data show that CF monocytes have a differential inflammatory response to bacterial stimuli compared to healthy monocytes, trending towards an anti‐inflammatory response in CF monocytes compared to a pro‐inflammatory response in healthy monocytes. Our preliminary data suggest that blockade of MMP activity attenuated this anti‐inflammatory phenotype, however further investigation is needed to fully understand the mechanism responsible for altered bacterial response in CF monocytes.
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**ANTIMICROBIAL SUSCEPTIBILITY OF CEFTABIPROLE AND CEFTOLOZANE/TAZOBACTAM AGAINST CF AND NON‐CF ***P. AERUGINOSA*****

[Gramegna, A.]{.ul} ^1,2^; Millar, B.^3^; Blasi, F.^1^; Elborn, J.S.^4^; Downey, D.^2^; Moore, J.E.^3^ *1. CF Adult Center, Dept. Pathophysiology and Transplantation, Fondazione IRCCS Ospedale Maggiore Policlinico, University of Milano, Milano, Italy* *; 2. Northern Ireland Adult CF Centre, Belfast City Hospital, Belfast, United Kingdom* *; 3. Northern Ireland Public Health Laboratory, Belfast City Hospital, Belfast, United Kingdom* *; 4. School of Medicine, Dentistry and Biomedical Sciences, Queen\'s University, Belfast, United Kingdom*

**Introduction:** Ceftobiprole is a broad‐spectrum cephalosporin acting against several organisms, including *P. aeruginosa* (PA). Ceftozolane/tazobactam is a novel combination of a cephalosporin with a beta‐lactamase inhibitor; this combination has shown in vitro activity against multi‐drug resistant PA.

The purpose of this study was to evaluate the in vitro antibacterial activity of ceftobiprole and ceftolozane/tazobactam against PA clinical isolates from CF patients.

**Methods:** In vitro activity of ceftobiprole and ceftolozane/tazobactam was tested against PA isolates (n=100). These included 89 CF clinical isolates from patients attending the Northern Ireland Adult CF Centre (Belfast City Hospital). A total of 10 bacteraemic isolates from a non‐CF population, as comparators, and a reference strain (NCTC10662) were also studied. The MICs of ceftobiprole and ceftolozane/tazobactam were determined by standard e‐test methodology; ceftazidime was also tested by standard disk susceptibility assay.

**Results:** The distribution of ceftobiprole and ceftolozane/tazobactam MICs are shown in the Table.

The median MIC for ceftolozane/tazobactam in CF PA was 1 μg/mL; MIC50 and MIC90 were 1 μg/mL and 6 μg/mL, respectively; a total of 79/89 (89%) of isolates were sensitive to ceftolozane/tazobactam and only two isolates were highly resistant (MIC \>256). All 10 resistant isolates were also resistant to ceftazidime, 38 isolates were sensitive to ceftolozane/tazobactam but intermediate or resistant to ceftazidime. In the non‐CF population, all 10 isolates were sensitive to ceftazidime and ceftolozane/tazobactam; median MIC was 0.75 μg/mL, MIC50 and MIC90 were 1 μg/mL and 3 μg/mL, respectively.

For ceftobiprole, MIC50 and MIC90 were 6 μg/mL and 32 μg/mL in the CF population; 0.75 μg/mL and 3 μg/mL in the non‐CF population, respectively. Assuming an MIC for non‐CF *P. aeruginosa* at 2μg/mL, as clinical breakpoint, 29/89 (33%) of CF isolates were sensitive to ceftobiprole, while 8/10 (80%) were sensitive in the non‐CF isolates.

**Discussion:** Although ceftobiprole had good activity against bacteremic PA from the non‐CF population, it has poor in vitro activity against CF isolates. Our results show that ceftolozane/tazobactam is a potentially effective antimicrobial to be evaluated as an alternative to commonly used beta‐lactams in the treatment of *P. aeruginosa* chronic respiratory infection in CF patients.

**Acknowledgments:** Author AG was supported by a SIP/IRS Research Fellowship grant.

**Number of CF P. aeruginosa isolates inhibited at each antibiotic concentration (μg/mL)**
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c/t= ceftolozane/tazobactam; bpr= ceftobiprole

**343**

**COMPARISON OF ANTIBIOTIC SUSCEPTIBILITY IN ***P. AERUGINOSA*** FROM ADULT CF PATIENTS DURING THE PERIOD 1996‐2001 VERSUS 2015‐2016**

[Gramegna, A.]{.ul} ^1,2^; Moore, J.E.^3^; McCaughan, J.^3^; Elborn, J.S.^4^; Blasi, F.^1^; Downey, D.^2^ *1. Adult CF Centre, Dept. Pathophysiology and Transplantation, Fondazione IRCCS Ospedale Maggiore Policlinico, University of Milano, Milano, Italy* *; 2. Northern Ireland Regional Adult CF Centre, Belfast City Hospital, Belfast, United Kingdom* *; 3. Northern Ireland Public Health Laboratory, Belfast City Hospital, Belfast, United Kingdom* *; 4. School of Medicine, Dentistry and Biomedical Sciences, Queen\'s University, Belfast, United Kingdom*

**Introduction:** Chronic respiratory infection by *P. aeruginosa* (PA) can lead to severe lung damage and respiratory complications in patients with cystic fibrosis (CF). The development of PA resistance to available antibiotics is common and a major concern in CF current practice.

The purpose of the study was to evaluate antibiotic resistance trends over the last twenty years by the use of a novel score, called the Relative Resistance Index (RRI).

**Methods:** Two collections of PA isolates obtained from two different periods of time, namely 1996‐2001 and 2015‐2016 were studied. Each collection included 100 PA isolates from 100 CF patients attending the Northern Ireland Adult CF Centre in Belfast. A modified microbiological RRI score was calculated for each isolate by assigning a value of 1 for sensitive, 2 for intermediate, 3 for resistant for the following four antibiotic classes (8 agents): beta‐lactams, aminoglycosides, fluoroquinolones and polymyxin. An unpaired two‐tailed t‐test was used for comparison of trends between these two periods.

**Results:** RRI increased significantly for ciprofloxacin (p\<0.0001), aminoglycosides (both amikacin and tobramycin, p\<0.0001) and meropenem (p\<0.0007) for PA isolates from 1996‐2001 to 2015‐2016; mean RRI values for each antibiotic are reported (Table). All isolates were susceptible to colistin over both periods, except for three 2016 isolates.

**Discussion**: Overall this study showed markedly greater resistance in the 2015‐2016 cohort. The RRI marker may be a useful quantitative tool in helping to track resistance emergence over long periods of time, which may be useful in clinical trials and beyond as well as adding value to existing and historic registry data.

**Conclusion:** According to this index, the study highlights an increase in number of isolates with reduced susceptibility to carbapenems, fluoroquinolones and aminoglycosides. This may reflect the chronic exposure of PA to several classes of antibiotics used in the management of CF airways infection.

**Aknowledgment:** Author AG was supported by SIP/IRS Research Fellowship grant.

**Mean Relative Resistance Index for 1996‐2001 and 2015‐2016 Isolates**
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black= increased resistance; white= reduced resistance
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**THE T2R38 BITTER TASTE RECEPTOR AS A MODIFIER OF HOST RESPONSE TO ***PSEUDOMONAS AERUGINOSA*** IN CYSTIC FIBROSIS: DOES T2R38 GENOTYPE IMPACT ON CLINICAL INFECTION?**

[Turnbull, A.R.]{.ul} ^1,2^; Lund‐Palau, H.^1^; Murphy, R.^1^; Simbo, A.^1^; Wong, K.^1^; Bush, A.^1,2^; Alton, E.^1,3^; Davies, J.C.^1,2^ *1. National Heart and Lung Institute, Imperial College London, London, United Kingdom* *; 2. Paediatric Respiratory Medicine, Royal Brompton Hospital, London, United Kingdom* *; 3. Adult Respiratory Medicine, Royal Brompton Hospital, London, United Kingdom*

**Background:** *Pseudomonas aeruginosa* (Pa) utilises quorum sensing (QS) to mediate several virulence factors including growth in biofilms. Intriguing *in vitro* data suggests QS signalling molecules can be "sensed" at the epithelial surface via the T2R38 (bitter taste) receptor expressed on airway cilia (Lee RJ, et al. J Clin Invest. 2012;122:4145‐59). Activation of this receptor is predicted to lead to changes in ciliary beat frequency and nitric oxide production, which may enhance bacterial clearance. Three common polymorphisms exist in the gene coding for this receptor, altering the amino acid sequence at positions 49, 262, and 296 and correlating with receptor function; the functional allele has proline‐alanine‐valine (PAV) whereas the non‐functional allele has alanine‐valine‐isoleucine (AVI) at these residues. *In vitro* response to QS molecules has been shown to be greatest in cells with the PAV/PAV genotype. We hypothesised that the T2R38 receptor may be important in host defence against Pa in people with cystic fibrosis (CF) and that T2R38 genotype may therefore modify infection status and clinical outcomes.

**Methods:** Patients over 6 years with CF were genotyped for polymorphisms in the *TAS2R38* gene. Pa infection status was determined by retrospective review of all respiratory cultures during 2014 and assigned according to Leeds criteria as chronic (\>50% Pa‐positive), intermittent (≤50% Pa‐positive), Pa‐free (previous Pa but none for \>12 months), or never. Only patients with ≥3 cultures/year were included in analysis. Clinical and lung function data were obtained from each patient\'s annual review in 2014.

**Results:** T2R38 receptor genotypes were obtained for 271 patients: 83 (30.6%) AVI/AVI, 44 (16.2%) PAV/PAV, 116 (42.8%) AVI/PAV and 28 (10.3%) AVI/other or PAV/other. Between AVI/AVI, PAV/PAV and AVI/PAV groups there was no significant difference in median age, gender or proportion of p.Phe508del *CFTR* mutations. By T2R38 genotype, there was no significant difference in the proportion of patients in each infection category (Table). Among all patients with intermittent or chronic Pa infection, there was no significant difference by T2R38 genotype in the proportion of patients who isolated mucoid Pa. In all patients with intermittent or chronic Pa there was no significant difference by T2R38 genotype in the mean percent predicted FEV~1~ (AVI/AVI 59%, PAV/PAV 57%, AVI/PAV 63%, p=0.45) or mean percent predicted FVC.

**Conclusion:** Genotype variation in the T2R38 bitter taste receptor does not appear to modify infection status with Pa in people with CF, or to be a modifier of lung disease in people with CF and intermittent or chronic Pa infection.

**Table. Pa infection status by T2R38 genotype (Chi squared p=0.422)**
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**CHALLENGES CORRECTLY CLASSIFYING ***PSEUDOMONAS AERUGINOSA*** INFECTION STATUS IN PATIENTS ON INHALED ANTIBIOTICS: ARE NEGATIVE CULTURES CLINICALLY MEANINGFUL?**

[Turnbull, A.R.]{.ul} ^1,2^; Lund‐Palau, H.^1^; Simbo, A.^1^; Mariveles, M.^3^; Weerakoon, N.^1^; Jones, A.^3^; Simmonds, N.^3^; Bush, A.^1,2^; Davies, J.C.^1,2^ *1. National Heart and Lung Institute, Imperial College London, London, United Kingdom* *; 2. Paediatric Respiratory Medicine, Royal Brompton Hospital, London, United Kingdom* *; 3. Department of Cystic Fibrosis, Royal Brompton Hospital, London, United Kingdom*

**Background:** Chronic infection with *Pseudomonas aeruginosa* (Pa) is generally considered ineradicable and long‐term inhaled antipseudomonal antibiotics, aiming to suppress bacterial load and limit airway damage, are standard of care. We have observed that some patients on inhaled antibiotics regularly have negative airway cultures, which could reflect technical issues relating to the presence of antibiotic in culture samples. We hypothesise an alternative explanation, that these patients comprise a clinically distinct group and differ from patients who continue to meet the definitions of either intermittent or chronic infection whilst on treatment. We conducted this retrospective review as part of an audit of our clinical practice.

**Methods:** Airway culture results were examined during 2014 for all paediatric and adult patients attending a single CF centre and prescribed long‐term inhaled antibiotics (IA) (ie, excluding those receiving eradication therapy for a new Pa growth). Only patients with ≥3 cultures in the year were included in an attempt to minimise misclassification. Clinical data including lung function at annual review and treatment with IA were obtained from the national CF registry and local electronic patient records.

**Results:** Data were obtained for 434 patients on long‐term IA with ≥3 cultures/year. Of these, 174 (40%) were Pa‐negative and 260 (60%) were Pa‐positive during 2014. The Pa‐negative group had higher median (IQR) percent predicted FEV~1~ (Pa‐negative 78.1 (65.6‐91.7)%; Pa‐positive 62.0 (40.8‐80.3)%, p\<0.0001), however, they were also younger (median (IQR) age 15.1 (10.0‐25.5) years vs. 26.4 (18.2‐35.7) years, p\<0.0001) which may have confounded this result. We therefore compared 99 patients in each group who could be matched for age (within 1 year), gender and *CFTR* genotype (p.Phe508del/p.Phe508del, p.Phe508del/other, other/other): the Pa‐negative group still had higher median (IQR) percent predicted FEV~1~ (74.9 (58.7‐88.6)% vs 68.8 (45.1‐84.9)%, p\<0.05) and median (IQR) percent predicted FVC (87.9 (76.9‐97.5)% vs 84.1 (69.6‐97.9)%, p=\<0.05).

**Conclusion:** These data highlight potential clinical differences between patients who are Pa‐culture negative and those who are Pa‐culture positive whilst receiving long‐term inhaled antipseudomonal antibiotics. Whether these differences mean that fitter patients are more likely to clear Pa or that Pa clearance leads to better status cannot be determined. Further evaluation of this patient group, including measurement of Pa antibodies, is proposed, to explore the mechanisms underlying these differences and to identify patients who may be suitable for a trial of antibiotic withdrawal.
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*****PSEUDOMONAS AERUGINOSA*** CYTOCHROME OXIDASE REGULATION REQUIRED FOR ADAPTATION TO NITROSATIVE STRESS AND VIRULENCE**

[Zemke, A.]{.ul}; Kocak, B.R.; Ogunsola, A.; Chen, K.; Kolls, J.; Bomberger, J. *University of Pittsburgh, Pittsburgh, PA, USA*

*Pseudomonas aeruginosa* airway infections affect 80% of adults with cystic fibrosis. Sodium nitrite inhibits bacterial respiration*,* and thus may provide a novel antimicrobial approach. However *P. aeruginosa* has a highly branched respiratory chain, and thus the precise targets of nitrosative stress are unclear. A transposon screen identified *roxSR* as a potential regulator of nitrite sensitivity. *RoxSR* encodes a two‐component sensor‐kinase that regulates terminal oxidase expression in *P. aeruginosa* and may affect bacterial adaptation to nitrosative stress. Transcriptomic analysis was done with RNA sequencing to compare the *roxSR* strain to parental PAO1 in the presence and absence of sodium nitrite. In liquid, aerobic culture loss of *roxSR* leads to derepression of *norCB,* as well as misregulation of *coxA*. Exposure of PAO1 to nitrite leads to *norCB* as well as cbb3‐type cytochrome oxidases. In contrast, *roxSR* strains do not further upregulate *norCB (*which was upregulated in unexposed cultures), and misregulate the cytochrome oxidases. These data suggest that *roxSR,* in addition to *anr* and *dnr,* may regulate denitrification. Because the cytochrome oxidases are the principal genes regulated by *roxSR,* the role of the specific cytochrome oxidases in nitrite sensitivity was examined. Nitrite sensitivity for strains deleted in combinations of the cytochrome oxidases were tested in both aerobic LB liquid culture and in the human bronchial epithelial cell line and *Pseudomonas* biofilm co‐culture system that was previously described by Moreau‐Marquis et al. The airway epithelial associated biofilms were treated with increasing concentrations of sodium nitrite. The *roxSR* strain was 2‐fold more sensitive to nitrite than PAO1 under both aerobic and anaerobic conditions. Biotic biofilm formation was unimpaired, however resultant biofilms were more susceptible to growth inhibition by nitrite. In an acute mouse pneumonia model, C57BL6 mice were intranasally inoculated with PAO1 or *roxSR*. Bacteria were counted from the lung 24 hours later. Loss of *roxSR* leads to 3‐4 log decrease in bacterial burden at 24 hours. In conclusion, the two‐component system RoxSR is a key regulator of the *P. aeruginosa* response to nitrite in liquid culture and biotic biofilms, as well as being required for adaptation to growth in the mouse lung. In addition to known regulation of the terminal cytochrome oxidases, this TCS also likely regulates denitrification.
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**ASSOCIATION OF PALIVIZUMAB USE IN CF INFANTS WITH LONGITUDINAL OUTCOMES**

[Fink, A.]{.ul} ^1^; Graff, G.R.^2^; Rosenfeld, M.^3^; Byington, C.^4^; Saiman, L.^5^ *1. CF Foundation, Bethesda, MD, USA* *; 2. Penn State Children\'s Hospital, Hershey, PA, USA* *; 3. Univ. of Washington, Seattle, WA, USA* *; 4. Univ. of Utah, Salt Lake City, UT, USA* *; 5. Columbia Univ., New York, NY, USA*

**Objective:** Palivizumab is recommended to reduce hospitalizations in infants and children at high‐risk for severe respiratory syncytial virus (RSV) infection. In children with CF there are potentially additional benefits of prevention of early RSV infection. Currently, the American Academy of Pediatrics (AAP) guidelines recommend palivizumab for CF infants \< 12 months of age with clinical evidence of chronic lung disease and/or nutritional compromise and in those \< 24 months of age hospitalized in their first year of life for pulmonary exacerbations, with pulmonary radiographic abnormalities, or weight for length \<10^th^ percentile. The effect of palivizumab on longer‐term outcomes in children with CF is unknown. We used the CF Foundation Patient Registry (CFFPR) to evaluate the potential impact of receiving palivizumab in infancy on clinical outcomes up to age 6 years.

**Methods:** We performed a retrospective cohort analysis using CFFPR data. Eligible children were born 2008 ‐ 2014 and diagnosed with CF by age 6 months. Children were categorized according to whether or not they received palivizumab at any time during their first 2 years of life and excluded if palivizumab status was unknown. Children were followed until 12/31/2014 for the following outcomes: hospitalizations for pulmonary indications, time to first isolation of *Pseudomonas aeruginosa* (PA) among those negative at the start of their first RSV season, and FEV~1~ % predicted at age 6 years. A propensity model was developed to adjust for confounding by treatment indication.

**Results**: The cohort included 4438 children of whom 37% (n=1652) received palivizumab during infancy. Annual palivizumab use declined significantly over the study period. Compared to those not receiving palivizumab, infants receiving palivizumab had more signs and symptoms of CF; for example, prior to receipt of palivizumab, they had lower weight percentiles, higher prevalence of PA, more severe CFTR mutations, and more pancreatic enzyme use. Overall hospitalization rates were comparable in those who did and did not receive palivizubmab. Those children receiving palivizumab had a 9% higher hazard of first isolation of PA (95% CI: 4%, 13%). Among the 441 children with lung function data at age 6 years, those receiving palivizumab (n=206) had a similar mean FEV~1~ % predicted to those not receiving palivizumab (97.6 \[95% CI: 95.3, 100.0\] vs. 96.2 \[95%CI: 95.0, 98.4\], respectively).

**Conclusions:** Infants with CF who received palivizumab had evidence of more severe CF disease when they received palivizumab, consistent with current AAP recommendations. After adjusting for disease severity, we did not detect improvements in long‐term clinical outcomes based on receipt of palivizumab. However, the data available in the Registry did not allow us to assess potential benefits of palivizumab specifically among infants with chronic lung disease or nutritional compromise. In addition the CFFPR does not collect data on RSV infections. We plan to explore alternative datasets to assess short‐ and long‐term benefits conferred by palivizumab in CF infants with more severe clinical manifestations during their first 2 years of life.
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**INTERIM DATA (YEAR 3) FROM A PROSPECTIVE 5‐YEAR REGISTRY STUDY TO MONITOR AZTREONAM SUSCEPTIBILITY OF ***PSEUDOMONAS AERUGINOSA*** ISOLATES FROM PATIENTS WITH CYSTIC FIBROSIS (CF) IN THE UNITED STATES**

[Keating, C.]{.ul} ^1^; Zuckerman, J.B.^2^; Singh, P.^3^; McKevitt, M.^4^; Gurtovaya, O.^4^; Bresnik, M.^4^; Marshall, B.^5^; Saiman, L.^1^ *1. Columbia University Medical Center, New York, NY, USA* *; 2. Maine Medical Center, Portland, ME, USA* *; 3. University of Washington, Seattle, WA, USA* *; 4. Gilead Medical Sciences, Seattle, WA, USA* *; 5. Cystic Fibrosis Foundation, Bethesda, MD, USA*

**Objectives:** We are conducting a prospective observational study to monitor changes in *P. aeruginosa* (PA) susceptibility and clinical outcomes in a patient subset in the CF Foundation (CFF) Patient Registry over a 5‐year period beginning in 2011 after approval of Cayston^®^ (aztreonam for inhalation solution \[AZLI\]) as a treatment for CF.

**Methods:** Patients ≥6 years old with FEV~1~ 25‐90% predicted and ≥2 *PA*‐positive respiratory cultures were enrolled from CFF‐accredited centers in the US. Respiratory samples were collected annually and processed at a central reference laboratory. The primary outcome measure is the annual change in the proportion of subjects whose least susceptible *PA* isolate has ≥4‐fold increase in aztreonam minimum inhibitory concentration (MIC) and is above the parenteral aztreonam susceptibility breakpoint (\>8 μg/mL). Other outcomes include changes in *PA* susceptibility to aztreonam and other antibiotics; the association between number of AZLI courses and *PA* resistance to aztreonam; and the relationship between *PA* resistance to aztreonam and clinical outcomes obtained from the CFF Patient Registry database.

**Results**: 510 subjects were enrolled (Aug‐Nov 2011) from 31 CF centers. Mean age at enrollment was 26 years (range 6 to 71); 377 (73.9%) were ≥18 years and mean FEV~1~ % predicted was 60% (range 17‐104%). In the year prior to enrollment 278 (54.5%) subjects received ≥1 AZLI course and 130 (25.5%) received ≥5 AZLI courses. Subjects with paired respiratory samples with *PA* isolated + MIC data were compared for annual MIC changes from baseline through Year 3.

Evaluable subjects with *PA* isolates that met the primary outcome: Year 1: 13.1% (41/312); Year 2: 21.8% (48/266); Year 3: 19% (49/258). There was no association with AZLI exposure (yes/no or number of courses) between subjects who did/did not meet the primary outcome. Aztreonam MIC~50~/MIC~90~ for all *PA* isolates were 4 μg/mL/128 μg/mL at baseline, Year 1, Year 2 and Year 3.

There was no significant difference in the annual percent change in FEV~1~ % predicted from Year 2 to Year 3 for subjects who met (‐4.3%) vs did not meet (‐3.3%) the primary outcome.

Pulmonary exacerbation rates for those who did/did not meet the Year 3 primary outcome were 83.7% (41/49) vs 60.9% (126/209), respectively, p=0.003.

Hospitalization rates for those who did/did not meet the Year 3 primary outcome were 73.5% (36/49) vs 54.1% (112/209), respectively, p=0.02.

**Conclusions:** A similar proportion of subjects had *PA* isolates that met the primary outcome in Year 3 compared to Year 2, although fewer subjects met the primary outcome in Year 1. AZLI use was not associated with meeting the primary outcome in any year, thus far. Those meeting the primary outcome did not exhibit a greater decline in lung function, but did have more exacerbations and hospitalizations, both of which are associated with antibiotic treatment.

Supported by Gilead Sciences.

**349**

**GUT MICROBIOTA IN EARLY CHILDHOOD IN CYSTIC FIBROSIS**

[Zhang, Z.]{.ul} ^1^; Ma, H.^2^; Peng, L.^2^; Lai, H.J.^1^; FIRST STUDY GROUP,.^1^ *1. UW‐Madison, Madison, WI, USA* *; 2. Emory University, Atlanta, GA, USA*

**Background:** The gut microbiota plays an essential role in humans across the life span, yet the acquisition and development of this microbial community in early childhood remain largely unexplored. Perturbations of the microbiome in early life, including colonization with specific microbes, have been linked to many diseases, including CF. The CF intestinal tract is likely to be populated with a host of maldigested macro‐ and micronutrients as well as their metabolites, which will alter the intestinal milieu, i.e., substrates, PH & oxygen, and bacteria growth. However, no large studies in CF have systematically characterized early life gut microbiota with respect to diet, growth, nutrition and lung disease.

**Objective:** To characterize 0‐3 y gut microbiota in CF, and to explore the influences of cesarean delivery, infancy feeding, and acid blocker use.

**Method:** The study population includes children born after 2012 diagnosed through newborn screening, and enrolled in *FIRST (Feeding Infants Right... from the STart),* a multicenter prospective study being conducted at 5 CF Centers (Madison & Milwaukee; Indianapolis; Salt Lake City; and Boston) to identify optimal feeding for CF infants. Fecal specimens are collected at routine clinical visits during infancy and annually afterwards. 16S rRNA gene pyrosequencing and metagenomics data analysis using QIIME pipeline are performed by the Biotechnology Center at UW‐Madison. We analyzed 268 samples from 92 children.

**Results:** The samples were collected at 14±11 mo, including 134 in the 1^st^, 84 in the 2^nd^, and 50 in the 3^rd^ y. Of the 92 children, there are 47 boys and 45 girls; 17 MI, 68 PI, and 7 PS; 34 out of 72 children used acid blocker during infancy. 25 (28%) out of 88 children were born by cesarean delivery. In 70 full‐term and normal birth weight non‐PS children, 17 were exclusively breastfed (eB) for ≥3mo, 18 for 1‐3mo, and the remaining 35 received either eB for \<1mo or partial breast milk or formula only. Overall, 18,746,552 sequences comprising 19,325 operational taxonomic units with 285 unique genera were identified. 59% of the total number of reads was presented by 16 genera. Among them, *Bifidobacterium* was the most abundant genus (21%), followed by *Bacteroides* (8%), *streptococcus* (5%), *Blautia* (4%), *Veillonella, lactobacillus*, *Clostridium, Enterococcus*, *Ruminococcus, Collinsella, Citrobacter, Parabacteroides, Dorea, Coprococcus, Klebsiella, and Haemophilus* (all≤3%). The alpha diversity scores increased with age. The abundance of *Bacteroides, Blautia, Collinsella,* and *Coprococcus* increased with age, while *Bifidobacterium* and *Veillonella* decreased with age. Cesarean delivery was associated with decreased *Parabacteroides* in the 1^st^ y*,* decreased *Bifidobacterium, Veillonella, Klebsiella, and Haemophilus* in the 2^nd^, and decreased *Veillonella* and *Klebsiella* in the 3^rd^ y. Higher abundance of *Haemophilus* in the 2^nd^ and *lactobacillus* in the 3^rd^ y were associated with eB ≥3mo. Acid blocker use was associated with increased *Collinsella* in the 2^nd^ y.

**Conclusion:** Our preliminary analyses suggest that infant feeding, acid blocker use, and cesarean delivery could alter early life gut microbiota composition. Latent class analysis for microbiota composition will be performed. (Supported by NIH R01DK072126, R56DK109692, CFFT‐LAI15A0)

**350**

**PIPERACILLIN‐TAZOBACTAM VERSUS CEFEPIME INCIDENCE OF ACUTE KIDNEY INJURY IN COMBINATION WITH VANCOMYCIN AND TOBRAMYCIN IN PEDIATRIC CYSTIC FIBROSIS PATIENTS**

LeCleir, L.K.; [Pettit, R.S.]{.ul} *Pharmacy, Riley Hospital for Children at IU Health, Indianapolis, IN, USA*

**Background:** Cystic fibrosis (CF) patients often receive prolonged courses of broad spectrum antibiotics for the treatment of acute pulmonary exacerbations (APE). CF patients are commonly infected with methicillin‐resistant *Staphylococcus aureus* (MRSA) and *Pseudomonas aeruginosa* necessitating antibiotic coverage for both these organisms. Previous studies in non‐CF pediatric patients have suggested an increased incidence of acute kidney injury (AKI) with vancomycin in combination with piperacillin‐tazobactam. The objective of this study was to determine the difference in AKI between patients receiving piperacillin‐tazobactam or cefepime in combination with vancomycin and tobramycin.

**Methods:** An IRB‐approved retrospective cohort study was conducted at a single CF center. Patients were included if they were hospitalized for an APE from 12/01/2008 to 06/30/2015, received treatment with intravenous vancomycin, tobramycin, and piperacillin‐tazobactam or cefepime during hospitalization, and were age 30 days to 18 years old at admission. AKI was defined as an increase in serum creatinine (Scr) of at least 25%. The primary outcome was the difference in AKI incidence in patients receiving piperacillin‐tazobactam or cefepime, as defined by modified pediatric risk, injury, failure, loss, end‐stage renal disease (pRIFLE) criteria.

**Results:** The study included seventy‐eight patients, 39 patients in both the cefepime and piperacillin‐tazobactam groups. The median (interquartile range) age was slightly older in the cefepime group: 13 years (8‐16) versus piperacillin‐tazobactam group 9 years (5‐16). Weight and height were greater in the cefepime group (Weight: cefepime 41.9 kg (26.3‐53.3) vs. piperacillin‐tazobactam 27.7 kg (19‐44.7) p=0.013; Height: cefepime 154 cm (126‐161) vs. piperacillin‐tazobactam 132 cm (107‐152) p=0.021). AKI was identified in 56.5% (22/39) of the patients in the piperacillin‐tazobactam group and 15.4% (6/39) of the patients in the cefepime group (p≤0.0001). There was no statistical difference in length of antibiotic days (9 vs. 10, p=0.52), days to maximum SCr (6.5 vs. 3.5, p=0.401), nor previous aminoglycoside or vancomycin courses. For the patients who experienced AKI, the maximum vancomycin trough measured for piperacillin‐tazobactam was 22 (14‐39) vs. 15 (9‐21) for cefepime group (p=0.123).

**Conclusions:** This study suggests that piperacillin‐tazobactam therapy in combination with intravenous vancomycin and tobramycin in pediatric CF patients may cause a greater incidence of AKI when compared to treatment with cefepime.

**351**

**FREQUENCY BUT NOT METHOD OF DISINFECTION CORRELATES WITH MICROBIAL RECOVERY FROM NEBULIZERS OF PATIENTS WITH CYSTIC FIBROSIS**

O\'Rourke, T.^1^; Collins, M.^3^; Feinn, R.^1^; Drapeau, G.^3^; [Murray, T.S.]{.ul} ^1,2^ *1. Medical Sciences, Frank H. Netter, M.D. School of Medicine, Quinnipiac University, Hamden, CT, USA* *; 2. Infectious Diseases, Connecticut Children\'s Medical Center, Hartford, CT, USA* *; 3. Pulmonology, Connecticut Children\'s Medical Center, Hartford, CT, USA*

**Background:** Home nebulizers of patients with CF can become colonized with microbes despite standard cleaning practices, raising the possibility of pathogen exposure when using contaminated nebulizers (Blau H, et al. Child Care Health Dev. 2007;33:491‐5). The CF Foundation recommends multiple different methods for nebulizer disinfection (Saiman L, et al. Infect Control Hosp Epidemiol. 2013:35:S1‐S67). There is less known regarding how newer disinfection techniques such as steam sterilization impact bacterial recovery from patient nebulizers. *Hypothesis*: Recommended disinfection techniques will not differ with respect to bacterial recovery from patients\' nebulizers while increased frequency of nebulizer disinfection will result in decreased bacterial recovery.

**Methods:** Informed consent was obtained from 20 pediatric CF families (children 6‐18 years) who use nebulizer therapy daily for this pilot study (CCMC IRB 15‐081). Families filled out a study questionnaire regarding nebulizer cleaning and disinfection techniques. The patients\' PARI®LC PLUS nebulizer was swabbed (eSwab, Copan) inside the mouthpiece, the outlet, and the chamber. The swab was sent for bacterial, fungal, and mycobacterial culture and recovered microbes were identified with MALDI‐TOF mass spectrometry (Towle D, et al. J Cyst Fibros. 2012;12:512‐6). A chart review collated demographics and respiratory cultures with survery results regarding nebulizer cleaning and disinfection practices along with microbial recovery from nebulizers. Data were analyzed with Fisher\'s exact test and linear by linear association.

**Results:** Although 90% (18/20) of patients disinfected their home nebulizers**,** 75% (15/20) of nebulizers grew at least one microbe, most commonly viridans group *Streptococcus* (35%, 7/20). Only 20% (4/20) of nebulizers had at least one CF pathogen. While 35% (7/20) of patients grew *Pseudomonas sp* within the last year, none was recovered from nebulizers. *Staphylococcus aureus* (*SA*) grew from 80% (16/20) of patient cultures within the last year while only 15% (3/20) of nebulizers grew *SA*. *SA* was recovered twice from both the patient and the patient\'s nebulizer. All patients grew mouth flora within the last year. Nebulizers disinfected after each use were less likely to be colonized by a microbe (43%, 3/7 with microbes) than nebulizers disinfected less frequently (93%, 12/13 with microbes, p=0.03). There was no difference in bacterial recovery comparing different disinfection methods (e.g., boiling, steam sterilization, alcohol, and bleach, p=0.23).

**Conclusion:** Home nebulizers are contaminated with microbes regardless of the disinfection method. Disinfection after each use results in reduced microbe recovery from nebulizers compared with less frequent disinfection and should be a focus of patient education. Study limitations include the small sample size and bias associated with self‐reporting. Current work is examining the contribution of other variables to microbe recovery from the nebulizer (e.g. antibiotic use) and the optimal method of nebulizer disinfection.

**352**

**IMPLEMENTATION OF UPDATED INFECTION PREVENTION AND CONTROL GUIDELINES IN U.S. CF CARE CENTERS**

[Muhlebach, M.S.]{.ul} ^1^; Zhou, J.J.^2^; Jiang, X.^3^; Kosorok, M.R.^3^; Saiman, L.^2^ *1. Ped., U North Carolina, Chapel Hill, NC, USA* *; 2. Columbia University, New York, NY, USA* *; 3. Biostat., U. North Carolina, Chapel Hill, NC, USA*

**Objective:** In 2013, the CF Foundation (CFF) sponsored an interdisciplinary team to update the Infection Prevention and Control (IP&C) Guidelines for CF (Saiman L, et al. Infect Control Hosp Epidemiol. 2014;35:S1‐S67). We sought to determine the implementation, thus far, of selected IP&C recommendations at US CF care centers.

**Methods:** We developed a confidential, anonymous online survey to determine if selected IP&C practices have been implemented. After pilot testing by 11 content experts, including former center directors, the revised survey contained 26 items with multiple‐choice and yes/no responses. Emails (including 3 reminders) were sent to the directors of the 277 pediatric, adult and affiliate care centers asking them or their designee to complete the survey. Respondents received \$25 gift cards for their participation.

**Results**: To date, 152 centers (55% response rate) have completed the survey, including 85/119 (71%) pediatric, 52/104 (50%) adult, and 15/54 affiliate (28%) centers. Overall, 91% (138/152) of centers provide IP&C education during clinic visits; IP&C education is included on checklists of 18% (25/138) of these centers. Over half use newsletters (55%), signage (55%), and CFF educational materials (53%). Patients/families and the local IP&C team helped to develop education at 35% and 57% of centers, respectively. The IP&C team helps implement practices at 89% of centers. Education about IP&C in CF is consistently provided to inpatient staff (94%), PFT lab staff (91%) and social workers (84%); fewer than half of centers provide education to admitting, housekeeping, radiology, or phlebotomy staff. Feedback regarding IP&C is provided to staff at 69% (105/152) of centers and 45% (49/152) perform audits of environmental cleaning. Most centers (75%, 114/152) hold formal education events of which 94% (108/114) are in‐person meetings. Adult centers are more likely to allow individual(s) with CF to attend in‐person meetings than are pediatric centers (72% vs. 45%, respectively, p\<0.05). Centers also use videoconferences (29%), videotapes (5%), and webinars (5%) to provide education. Most centers (91%) hold outdoor events; pediatric, adult, and affiliate centers are equally likely to allow individual(s) with CF to attend (91%, 94%, and 100%, respectively p=0.7). The most common IP&C strategy at outdoor events is the "6 foot rule"; it is used by 82% (114/138) of centers holding outdoor events. Half (51%) of centers participated in a national or local IP&C quality improvement project.

**Conclusions:** Most responding CF care centers are implementing recommendations from the updated IP&C guidelines, partnering with the IP&C team to do so, and providing education for clinic staff, inpatient staff, and patients/families. These early findings also suggest additional educational opportunities for ancillary staff and improving audit and feedback for environmental cleaning of CF clinics. Future work in this project will focus on reviewing written IP&C protocols from responding centers for other selected recommendations and ultimately assess the impact of the IP&C guidelines on acquisition of selected CF pathogens.

Supported by U.S. Cystic Fibrosis Foundation.

**353**

**MICROBIOME, MUCUS AND INFLAMMATION IN EARLY CF LUNG DISEASE**

[Muhlebach, M.S.]{.ul} ^1^; Zorn, B.^1^; Esther, C.R.^1^; Kesimer, M.^1^; Hill, D.B.^1^; Ehre, C.^1^; Stick, S.M.^2,4^; Ranganathan, S.^3,4^; Boucher, R.C.^1^; Wolfgang, M.^1^ *1. U. North Carolina, Chapel Hill, NC, USA* *; 2. U. Western Australia, Perth, WA, Australia* *; 3. Royal Childrens Hosp., Melbourne, VIC, Australia* *; 4. Telethon Kids Institute, Perth, WA, Australia*

**Background:** Established CF lung disease shows dehydrated, tenacious secretions and infection with a well established sequence of pathogens. In young children the microbiome is more diverse and more dynamic in response to therapies. The roles of mucus obstruction, inflammation, and microbial interactions are unclear.

**Aim**s: We are examining the microbiome of young children by bronchoalveolar lavage (BAL) to identify changes related to age, mucus concentration and inflammation.

**Methods**: Infants and children who undergo yearly BAL as part of the Australian Respiratory Early Surveillance Team (AREST) for CF program were included. Each subject had one BAL sample each from the right middle lobe (RML) and one from the lingula. In a subgroup, a bronchoscope wash (BW) ie, flush of the bronchoscope prior to the BAL was obtained. Microbial characterization was done by 16S rRNA gene sequencing, mucus concentration measured by refractometry, and inflammation measured by IL‐8 and percent neutrophils (%PMN).

**Results**: The mean (SEM) age of the 37 children was 3.1 (0.27) years, with microbiome data available in 37 RML, 31 lingula and 15 BW samples. Weighted principal component analyses showed clear separation of BW from the BAL samples (Figure) and overlapping bacterial composition for RML‐lingula samples. Alpha diversity (Shannon index) tended to decrease with age, especially in the first two years. Shannon did not correlate with IL‐8 and %PMN but showed a weak negative correlation to mucin concentration (r= ‐0.25). In contrast, mucin concentration correlated positively with IL‐8 (r=0.41) and %PMN (r=0.59).

**Discussion**: Microbiome characterization in BAL fluid of young children detects bacterial taxa different from those present in the reagents used to perform the bronchoscopy. Interestingly, Shannon diversity decreases with increase in mucin concentration, which in turn correlates with lower airway inflammation. This may imply the importance of mucus obstruction in CF disease.

Taxa‐specific analyses in regards to regional diversity, age, inflammation and mucus will be presented.
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**JOINT PROFILE OF RESPIRATORY INFECTIONS AND THEIR ASSOCIATIONS WITH BREASTFEEDING IN INFANTS WITH CF**

[Yang, J.]{.ul} ^1^; Peng, L.^1^; Zhang, Z.^2^; Rahman, A.^1^; Ma, H.^1^; Lai, H.J.^2^; FIRST STUDY GROUP,.^2^ *1. Emory Univ, Atlanta, GA, USA* *; 2. Univ. of Wisconsin--Madison, Madison, WI, USA*

**Background:** Bacterial pathogens are associated with pulmonary decline in patients with CF. Co‐colonization with multiple microorganisms is common in the CF airways even during infancy. Novel statistical analysis that simultaneously examines multiple microorganisms in the CF airway has been lacking. Understanding the heterogeneity in the joint profile of respiratory infections and their associations with breastfeeding can lead to critical scientific insights for optimizing early life disease management.

**Objective:** To delineate the joint microorganism profiles, identify meaningful co‐colonization patterns, and examine their associations to breast/formula feeding in infants with CF.

**Methods:** The study cohort includes 96 CF infants enrolled in FIRST (Feeding Infants Right... from the STart), a prospective observational study initiated in 2012 at 5 CF centers (Madison, Milwaukee, Boston, Indianapolis and Salt Lake City) to identify optimal feeding. Data on respiratory infections from oropharyngeal cultures collected at routine CF center visits in the first year of life were analyzed. We applied a latent class analysis (LCA) to jointly examine respiratory infection status and intensity (defined by 0=no infection, 1=positive with a few colonies, 2=positive with a moderate number of colonies, and 3=positive with many colonies) of seven major microorganisms at 2, 6, 9 and 12 mo of age.

**Results:** The LCA differentiated this cohort of CF infants into three groups that demonstrated distinct longitudinal co‐colonization patterns of microorganisms (Figure). CF infants in Class 1 had no infection of any considered microorganisms at all four age points. CF infants in Class 2 showed markedly elevated intensity of *Staphylococcus aureus* (Sa) infection, accompanied by a low intensity of co‐infection with non‐mucoid *Pseudomonas aeruginosa* (Pa) and *Klebsiella*. CF infants in Class 3 manifested a high infection risk of Sa as well as multiple other bacterial pathogens. Compared to exclusive formula feeding, exclusive breastfeeding \>2 mo showed a significant protecting effect against the infection of *Acinetobacter* (OR=0.12, 95% CI: 0.02‐ 0.62) throughout the first year of life. Breastfeeding partially or exclusively \>6 mo also lowered the risk of *Haemophilus influenzae* infection during infancy (OR=0.19, 95% CI: 0.06‐0.67).

**Conclusion:** The latent classifications of microorganism profiles provided new insights into the heterogeneity in the microbial phenotype and identified co‐colonizations of Sa and other bacteria. Breastfeeding lowered the risk of *Haemophilus influenzae* and *Acinetobacter* infections during infancy.

Funded by NIH R01DK072126, R01HL113548 & CFFT LAI14A0.
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**ROUTINE SPUTUM INDUCTION IN CHILDREN WITH CYSTIC FIBROSIS AT ANNUAL REVIEW FOR MICROBIOLOGICAL SURVEILLANCE: IS IT WORTH DOING?**

[Ahmed, M.I.]{.ul} ^1,2^; Shajpal, S.^2^; Kulkarni, H.^2^; Claydon, A.^2^; Patel, H.^3^; Modha, D.^3^; Gaillard, E.^1^ *1. Dept. of Infection Immunity and Inflammation, Institute for Lung Health, NIHR Leicester Respiratory Biomedical Research Unit, University of Leicester, Leicester, United Kingdom* *; 2. Paediatric Respiratory Medicine, University Hospitals of Leicester NHS Trust, Leicester, United Kingdom* *; 3. Dept of Clinical Microbiology, Empath Pathology Services, University Hospitals of Leicester NHS Trust, Leicester, United Kingdom*

**Background:** Early diagnosis and treatment of respiratory infections is the cornerstone of management of lung disease in cystic fibrosis (CF). We have introduced routine induced sputum (IS) sampling as part of the annual review at our CF center for children for microbiological surveillance. Many of these children are not normally sputum producers. Whilst the procedure is safe and well tolerated, it is time consuming and requires specially trained staff. This study aimed to examine the value of routine IS sampling in children with CF during their annual review.

**Methods:** This prospective observational study involved children with CF (5 to 17 y) who attended University Hospitals of Leicester, UK for their annual review between January 2012 and December 2015. Children able to perform IS and lung function testing were included. Sputum induction involved patients inhaling increasing concentrations of 3, 4 and 5% hypertonic saline for 5 minutes, provided that their drop in FEV~1~ was acceptable at the end of each cycle. Sputum samples were processed by standard methods looking for bacteria, including mycobacteria and fungi.

**Results:** 39 children (43.5 % male, mean age 9.9 ± 2.9 y, mean FEV~1~ 97.7 % ± 17.6% predicted) participated in the study. Of the 102 IS samples analysed during the study period, 54 samples (52.9%) resulted in 82 positive isolates. Positive bacterial yield was noted in 28 (27.5%) sputum samples, 14 (13.7%) of which were first time isolates (including all 3 atypical mycobacteria). The Image details the microbial isolates noted on IS. Intravenous antibiotics were used to treat 4 out of the 11 children with new bacterial isolates and 2 of 3 children who isolated mycobacteria.

**Conclusions:** IS is a well‐tolerated, safe and non‐invasive method to sample lower airways in children with CF. We identified new isolates of important organisms in 9.8% of annual review IS samples. This suggests that annual review surveillance induced sputum is useful to identify important pathogens in children who are often asymptomatic, resulting in earlier initiation of eradication treatment and cohorting of children with pathogens, e.g. *M. abscessus* and *B. cepacia,* before they potentially infect other children in the clinic.
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**EARLY DEVELOPMENT OF THE AIRWAY MICROBIOTA IN INFANTS WITH CF**

[Ahmed, B.]{.ul} ^1,2^; Cox, M.J.^2^; Cuthbertson, L.^2^; James, P.^2^; Cookson, W.O.^2^; Davies, J.C.^1,2^; Moffatt, M.F.^2^; Bush, A.^1,2^ *1. Paediatric Respiratory Medicine, Royal Brompton Hospital, London, United Kingdom* *; 2. National Heart and Lung Institute, Imperial College London, London, United Kingdom*

**Background:** The airways of patients with CF harbour rich communities of microbes or "microbiota," the role of which is unclear. Studies in adults have demonstrated that decreased community diversity may be a marker of end‐stage disease with little change seen with exacerbations (Zhao J, et al. PNAS 2012;109:5809‐14). Greater longitudinal study of the microbiota in infancy is needed to identify early changes that could be targeted therapeutically to prevent the onset of advanced disease. We hypothesised that changes in the airway microbiota would be seen with evolving clinical status in infants with CF.

**Methods:** Thirty infants with CF diagnosed on newborn screening were recruited at a median age of 84 days and throat swabs collected at routine clinical appointments for up to 2 years, with a median of 35 days between each visit. Quantitative PCR and sequencing of the 16S rRNA bacterial gene was performed using Illumina MiSeq. Data analyses were performed in QIIME and Phyloseq in R.

**Results:** *Streptococcus* was the most common genus in the first 2 years of life (55.3% of reads). Other common genera include: *Haemophilus* (12.3%) and *Veillonella* (7.54%). *Staphylococcus* and *Pseudomonas* had low relative abundance (0.123% and 0.097% respectively). A weak positive correlation was seen between age and bacterial load (r = 0.105, *P* = 0.016) and alpha diversity (within samples variation), measured by richness (the number of different species) and evenness (the spread of species) (r = 0.181 and 0.196 respectively, *P* \< 0.001). A significant influence of age on beta diversity (between samples variation) was also demonstrated (Bray Curtis r^2^ = 15.0%, *P* = 0.03).

Preliminary examination of trends in the most common genera found that *Streptococcus* and *Haemophilus* begin with a similar relative abundance but diverge thereafter, with *Streptococcus* increasing up to 9 months of age then decreasing and *Haemophilus* showing the opposite trend.

Seven children (23%) experienced an exacerbation (requiring intravenous antibiotics) within the first 2 years of life. No significant difference was found in bacterial load, alpha or beta diversity at exacerbation or with treatment (*P* \> 0.05). At a genera level, the relative abundance of *Streptococcus* increased at the start of an exacerbation but declined sharply thereafter. *Veillonella* and *Granulicatella* showed similar but less pronounced trends whereas *Haemophilus* showed the opposite trend. The significance of these trends and changes in less common genera is currently being assessed.

**Conclusions:** Whilst there was only a small change in bacterial load and alpha diversity, there was a significant relationship between age and beta diversity in the first 2 years of life, suggesting that changes at a genera level may have a greater influence on clinical features than overall diversity of the community. Changes in the relative abundance of *Streptococcus*, *Haemophilus, Veillonella* and *Granulicatella* were observed at exacerbation, albeit in a small number of patients. Larger longitudinal studies are needed to determine the clinical significance of these changes.

**357**

**COMPARISON OF ENDOSCOPIC SINUS SURGERY AND SIMULTANEOUS BRONCHOALVEOLAR LAVAGE CULTURES IN PEDIATRIC CYSTIC FIBROSIS PATIENTS WITH SINONASAL DISEASE**

[Little, R.E.]{.ul} ^1^; Robey, T.C.^1^; Antos, N.J.^2^; Beste, D.J.^1^; Noe, J.^2^; Quintero, D.R.^2^ *1. Dept. of Otolaryngology and Communication Sciences, Medical College of Wisconsin, Milwaukee, WI, USA* *; 2. Dept. of Pediatrics, Medical College of Wisconsin, Milwaukee, WI, USA*

**Introduction:** Chronic sinonasal disease is common in CF patients as impaired mucociliary clearance results in blockage of the paranasal sinuses and biofilm formation that is difficult to eradicate. Prior studies demonstrated reduced bacterial growth following endoscopic sinus surgery (ESS), however few studies have examined the relationship between infection of the paranasal sinuses as it relates to pulmonary infection.

**Objectives:** 1) To assess bacteriology of pediatric CF patients with sinonasal disease undergoing ESS and bronchoalveolar lavage (BAL); 2) To assess clinical utility of performing BAL at the time of ESS.

**Methods:** A retrospective chart review was performed for pediatric CF patients with sinonasal disease undergoing ESS at Children\'s Hospital of Wisconsin between 2004‐2015. A pediatric pulmonologist performed BAL immediately prior to ESS. A total of 25 BAL and ESS specimens were collected for aerobic and anaerobic cultures.

**Results:** Sixteen patients undergoing 25 procedures were included with mean age of 5.6 years. We found 96% of ESS cultures and 80% of BAL cultures demonstrated bacterial growth. *S. aureus* and *H. influenzae* were the most commonly identified organisms in both sites. Bacteria grew in both the upper and lower airways in 76% of cases. Eight of 25 cases (32%) demonstrated matching upper and lower airway organisms with similar susceptibility profiles. Of these, 3 were in children \<6 years old and 5 in \>6 year olds. Among the 17 discordant cases, 29% showed no growth in one of the sites.

**Discussion:** We examined a cohort of pediatric CF patients undergoing both ESS and BAL to better elucidate the nature of bacterial growth. The majority of both upper and lower airway cultures demonstrated growth of bacteria, however only 32% of cases demonstrated similar culture results. This data suggests that BAL at the time of ESS has a valuable role in the management of both sinus and pulmonary disease in CF patients. Further studies are needed to characterize the temporal relationship of bacterial colonization in the upper and lower airway, as well as to determine risk factors for sinus disease contributing to pulmonary infections.
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**HOUSEHOLD PROXIMITY TO WATER AND RISK OF NONTUBERCULOUS MYCOBACTERIA IN CHILDREN WITH CYSTIC FIBROSIS**

[Bouso, J.]{.ul} ^1,2^; Burns, J.^1^; Livingston, F.^3^; Elidemir, O.^2,1^ *1. Pediatrics, University of Florida Residency Program, Pensacola, FL, USA* *; 2. Pediatric Pulmonology, Nemours Children\'s Clinics, Pensacola, FL, USA* *; 3. Pediatric Pulmonology, Nemours Children\'s Clinics, Orlando, FL, USA*

**Introduction:** Nontuberculous mycobacteria (NTM) have a particular affinity for patients with cystic fibrosis (CF) and can lead to significant worsening of disease. It is well known that NTM live naturally in biofilms on water and soil, and recent studies have shown that rates of infection correlate directly with atmospheric water content. Our objective was to determine if there is an association between household proximity to water and acquisition of NTM in children with CF.

**Methods:** An IRB‐approved retrospective chart review was completed on all CF patients at the Cystic Fibrosis Foundation‐accredited centers of Nemours Children\'s Clinics in Pensacola and Orlando, Florida. Inclusion criteria required regular follow‐up, at least two acid‐fast base sputum or bronchioalveolar lavage cultures, and a consistent home address during the study period of July 2012 -- July 2015. Demographic and certain clinical information was obtained and compared between the two groups of NTM‐positive and NTM‐negative patients to assess for possible confounders. The distance from each patient\'s home to the nearest body of water was measured using ArcMap®, a Geographic Information System. The mean closest distance to water for the NTM‐positive and NTM‐negative groups was calculated and then compared by nonparametric Mann Whitney U test.

**Results:** Of the 65 patients who met inclusion criteria, 21 tested positive for NTM (32.3%). Of the NTM‐positive patients, 66.7% grew *Mycobacterium avium* complex, 23.8% grew *Mycobacterium abscessus* complex, and 9.5% grew both of these organisms. There was no significant difference between the NTM‐positive and NTM‐negative patients with relationship to sex, insurance status, CF genotype, or mean percent predicted FEV~1~, though patients in the NTM‐positive group were significantly older with a mean age of 15.5 years versus 10.9 years. The mean distance to water for NTM‐positive patients (397.60 m, SD 392.36 m) was significantly less compared to those who were NTM‐negative (683.93 m, SD 649.16 m) with a p‐value of 0.014. Living within 500 meters of a water source was significantly associated with NTM‐positivity (p=0.005). The mean distance to water for each group is displayed below as a bar graph with error bars representing the standard error of the mean.

**Conclusions:** In the regions studied, children with CF who live closer to water are more likely to acquire nontuberculous mycobacteria. Future studies in other geographic areas are needed to determine if these results are generalizable.
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**CHARACTERISATION OF ***STENOTROPHOMONAS MALTOPHILIA***‐POSITIVE PATIENTS IN AN ADULT POPULATION WITH CYSTIC FIBROSIS, ASSOCIATION WITH GLUCOSE EXCURSIONS**

[Lehoux‐Dubois, C.]{.ul} ^1^; Coriati, A.^1^; Boudreau, V.^1^; Katherine, D.^1^; Lavoie, A.^2^; Berthiaume, Y.^1,2^; Rabasa Lhoret, R.^1,2^ *1. Institut de Recherches Cliniques de Montréal, Montréal, QC, Canada* *; 2. Cystic Fibrosis Clinic of the Centre Hospitalier de l\'Univ. de Montréal, Montréal, QC, Canada*

*Stenotrophomonas maltophilia* is a multidrug‐resistant organism whose prevalence is increasing in CF. Chronic infection to *Stenotrophomonas* increased risk of pulmonary exacerbation (PEx), of lung transplantation (1,2) and death (3). The improvement of life expectancy has led to the emergence of new comorbidities; the most common one is CF‐related diabetes. When blood glucose is ≥ 8 mmol/L, glucose is detected in the airway, creating a favourable environment for bacterial growth in the lungs of CF patients (4).

**Objective:** Characterize associations between a positive culture of *Stenotrophomonas* and glucose excursions in a large adult population with CF.

**Methods:** This is a cross‐sectional observational analysis of CF patients, without known CFRD, from the Montreal CF Cohort. All patients (N=260) underwent a 2‐h Oral Glucose Tolerance Test (OGTT) with glucose measurements each 30 min. With these measures, a reference blood glucose curve was created. This reference glycemia curve represents the threshold for elevated airway glucose concentration and was created through a selection of 18 patients who had a normal glucose level at 120 min of the OGTT (\< 7.7 mmol/L) with a blood glucose level near 8 mmol/L (7.6 to 8.5 mmol/L) at 60 minutes of the OGTT. The area under the curve (AUC) from time 0 to 120 min of the OGTT (AUC~0‐120~) was measured and used as the reference blood glucose. Patients who had higher glucose AUC~0‐120~ values were categorised at risk of elevated airway glucose. Pulmonary bacterial colonisation of airway mucus, forced expiratory volume in 1 sec (FEV~1~), age, gender, nutritional status and the number of PEx requiring intravenous antibiotics were collected. Statistical analysis using the Mann‐Whitney U‐Test and Chi^2^ nonparametric t‐test was done.

**Results:** Patients were 25.8 ± 7.9 years old with a mean body mass index of 21.8 ± 3.0 kg/m^2^ and FEV~1~ of 73.0 ± 21.9 %. *Stenotrophomonas‐*positive patients (N=41, 15.8%) had significantly lower FEV~1~ (p \< 0.001) and underwent a higher number of PEx (p \< 0.001) when compared to patients with no *Stenotrophomonas* colonisation. The proportion of *Stenotrophomonas*‐positive patients with high glucose AUC~0‐120~ was significantly higher than the proportion of *Stenotrophomonas*‐negative patients with high glucose AUC~0‐120~ (100.0 vs. 85.4%, p = 0.004).

**Conclusion:** Patients with positive *Stenotrophomonas* culture had a lower FEV~1~ and underwent more PEx compared to negative‐*Stenotrophomonas* patients. The prevalence of higher glucose AUC~0‐120~ values is higher in *Stenotrophomonas*‐positive patients. This suggests that the presence of *Stenotrophomonas* is associated with a deleterious clinical outcome and that abnormal glucose metabolism could be one of the contributing factors. Further mechanistic studies are necessary to understand the link between *Stenotrophomonas* and glucose homeostasis.

References: 1. Waters V, et al. J Cyst Fibros. 2013;12:482‐6.

2\. Waters V, et al. J Cyst Fibros. 2012;11:8‐13.

3\. Waters V, et al. Am J Respir Crit Care Med. 2011;183:635‐40.

4\. Brennan AL, et al. J Cyst Fibros. 2007;6:101‐9.
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**THE EVOLVING CYSTIC FIBROSIS (CF) MICROBIOME: A LONGITUDINAL COHORT STUDY**

[Acosta Amador, P.N.]{.ul} ^2^; Heirali, A.^2^; Somayaji, R.^1^; Surette, M.^3^; Rabin, H.^1^; Parkins, M.^1^ *1. Dept. of Medicine, U. of Calgary, Calgary, AB, Canada* *; 2. Dept. of Microbiology, Immunology & Infectious Diseases, U. of Calgary, Calgary, AB, Canada* *; 3. Dept. of Medicine, McMaster U., Hamilton, ON, Canada*

**Introduction:** The CF airways are colonized by a complex polymicrobial community. Several cross‐sectional cohort studies have demonstrated that patients with more advanced lung disease and/or infection with classical pathogens such as *Pseudomonas aeruginosa* (PA) have less diverse communities. However, few longitudinal studies exist. Herein, we sought to investigate how the CF microbiome changes over time and correlates with clinical outcomes in a retrospective matched patient cohort study.

**Methods:** Patients who had provided sputum samples within three years of their 18th birthday and had a minimum follow‐up of five years (clinical and microbiologic) were included. All sputum samples were obtained from the CACFC Biobank established since 1998. Ten‐ and fifteen‐year assessments were done for patients with available samples at those time points. Duplicate samples were assessed for each time point as able and samples collected within 14 days of new systemic antibiotics were filtered out. The microbial composition was determined via Illumina MiSeq sequencing of the V3‐V4 of 16S rRNA. Patients were categorized based on their rate of lung function decline (measured as FEV~1~% predicted) (i.e. stable (0±3%/year), mild (‐1 to ‐3%/year) and severe (≥3%/year).

**Results:** Fifty adults (56% males) were included and were assessed at the following intervals: 0, 5 y (n=50); 0, 5, 10 y (n=19); and 0, 5, 10, 15 y (n=5). The cohort was composed of 40% F508del homozygous and 38% heterozygotes with a median FEV~1~% of 77.5% and FVC 99% predicted. A total of 219 sputum samples were assessed. Patients were categorized at 0‐5 years as experiencing stable (28%), mild (30%) and severe lung function decline (42%). The groups did not differ with respect to proportion of cultured pathogens; *PA* (stable: 76.8%, mild: 76.7% and severe: 62.2%, *P*= 0.075) and *Haemophilus influenzae* (HI) (stable: 3.6%, mild: 12.3% and severe: 8.9%, *P*= 0.244), with the exception of *Staphylococcus aureus* (SA) (stable: 50%, mild: 38.4% and severe: 58.9%, *P*= 0.032). There was a reduction (measured with observed estimator) in the alpha diversity between time periods 0 to 5 years in the severe group (*P*= 0.02), however, no difference was found for the stable and mild lung disease group. Based on the relative abundance the genera that was driving that reduction in the severe group included *PA*, *HI*, *Prevotella*, *SA* and *Streptococcus* (*P* adjusted \< 0.05). Interestingly, when the rate of decline was calculated based on time 0 to 10 years, there was no longer a difference for the alpha diversity in the severe group (*P*=0.52). Comparison of the relative abundance among lung disease groups showed that *PA*, *Rothia*, *Dialister*, *HI*, *Prevotella*, *SA, Fusobacterium, Streptococcus* and *Neisseria* were driving the differences among the groups (*P* adjusted \< 0.05). We determined that CF microbiome was clustered based on the FEV~1~% decline group (*P*= 0.009, Permanova).

**Conclusions:** In our longitudinal cohort of CF adolescents, we found a relationship between bacterial diversity with the rate of lung function decline and the predominant constituents found in the microbial community of the sputum samples.
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**EPIDEMIC ***PSEUDOMONAS AERUGINOSA***: A DRIVING FORCE IN THE CYSTIC FIBROSIS (CF) MICROBIOME?**

[Acosta Amador, P.N.]{.ul} ^2^; Heirali, A.^2^; Somayaji, R.^1^; Waddell, B.^1^; Surette, M.^3^; Rabin, H.^1^; Parkins, M.^1^ *1. Dept. of Medicine, U. of Calgary, Calgary, AB, Canada* *; 2. Dept. of Microbiology, Immunology & Infectious Diseases, U. of Calgary, Calgary, AB, Canada* *; 3. Dept. of Medicine, McMaster U., Hamilton, ON, Canada*

**Introduction:** Great efforts have been made at understanding how CF airways infections influence clinical outcomes in CF. However, two findings have dramatically changed our perception of infections: the recognition that *P. aeruginosa* (*PA*) strains have different clinical prognosis, and that a diverse community of organisms populate the airways (CF microbiome). Epidemic strains of *PA* (ePA) have been described for their multidrug resistance. Within our clinic an ePA has recently been described (the Prairie Epidemic Strain; PES) whose infections are associated with increased risk of exacerbations, rate of lung function decline, and progression to end‐stage lung disease, compared to those with unique infections. Whereas earlier studies have proposed ePA have exaggerated virulence capacity we hypothesized that ePA may select for a more virulent lower airways community.

**Methods:** Previous work from our group using pulsed‐field gel electrophoresis and multilocus sequence typing has determined the PA infecting strain type of our entire cohort over the last thirty years. We matched patients with chronic PES infection by birth cohort ±2 years and sex to control patients infected with unique (non‐epidemic strains of *PA*, uPA). We then examined our longitudinal sputum biobank (established in 1998) to identify sputum samples collected at similar time periods between the two patient groups at up to three time points for analysis. Samples were excluded if they were collected within two weeks of systemic antibacterials. We performed Illumina MiSeq sequencing of the V3‐V4 region of the 16S rRNA gene.

**Results:** We identified 164 sputum samples from 42 matched pairs (22 male; 20 female) of PES and uPA infected patients for analysis. Demographics of matched patients were similar with respect to pancreatic insufficiency and genotype distribution, but patients with PES had advanced airways disease, as defined by FEV~1~ (P= 0.002). Sputum samples were collected at a median of 36 (IQR19.5‐96) days apart in each pairing. Pooled analysis demonstrated those samples from patients with ePA had lower alpha diversity (P= 0.029 (Observed) and P= 0.031 (Chao1)). Proportional community abundance of PA in the PES group were greater than uPA (48.25% (IQR13.5‐81.7) vs 18.4% (0.2‐67.88), P= 0.0182). Permanova analysis of the microbial community structure was clustered based on gender (P=0.003), FEV~1~% (P=0.003), FVC% (P=0.004) and ePA status (P=0.005). Genera that were found to be different between PES infected patients and uPA at significant levels included; *Streptococcus*, *Fusobacterium*, *Haemophilus*, *Dialister*, *Mycoplasma*, *Eikenella*, *Prevotella*, *Acinetobacter* and *Acidovorax* (P adjusted \< 0.05).

**Conclusions:** Herein we observed that patients infected with PES, an ePA associated with worse clinical outcomes, have different lower airways community structure than those infected with uPA. Although ePA may be disproportionally more virulent than other *PA* strains it may also function to modify the CF microbiome to one that is more harmful to the host by which patients infected with ePA experience worse clinical outcomes.
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**FAMILY ATTITUDES TOWARD INFECTION CONTROL; IMPLICATIONS FOR PATIENT EDUCATION AND CARE**

[Collins, M.]{.ul} ^2^; O\'Rourke, T.^1^; Drapeau, G.^2^; Feinn, R.^1^; Murray, T.S.^1,2^; Curtis, R.^2^ *1. Med Sci, Frank H. Netter, M.D. Sch of Med, Quinnipiac Univ, Hamden, CT, USA* *; 2. Pulm, Ct Child Med Center, Hartford, CT, USA*

**Introduction:** Infection control practices are important for optimizing the health of children with CF but can be time‐consuming and challenging for families to follow (Saiman L, et al. Infect Control Hosp Epidemiol. 2014;35 S1‐S67). Awareness of the CF Foundation (CFF) guidelines and adherence to CFF infection control guidelines practices is highly variable amongst patients and centers (Miroballi Y, et al. Pediatr Pulmunol. 2012;47:144‐52). A wealth of information is available for families with CF regarding all aspects of patient care, including newer corrective therapies. We wanted to learn how families\' current knowledge and attitudes regarding infection control impact their actual practice and how knowledge of new advances in CF therapy compares with knowledge of infection control guidelines.

**Hypothesis:** Families will know less about routine infection control practices compared with information regarding new CF corrector medications. Infection prevention will be important to families but they will have difficulty performing recommended routine procedures such as nebulizer cleaning and disinfection.

**Methods:** After obtaining informed consent, 20 children and their families were surveyed during a routine visit regarding awareness and access to infection control guidelines; awareness and access to information on corrector therapies; attitudes toward infection prevention; and information regarding frequency and methods of home nebulizer cleaning and disinfection (CCMC IRB 15‐081). Results were compared using Fisher\'s exact test and linear by linear association.

**Results:** Germ avoidance is very/somewhat important to 95% of families, however only 45% disinfect nebulizers daily (Table). Daily‐disinfecting families are more likely to feel disinfection is important than those who disinfect less often (Table). While 89% of families felt nebulizer cleaning was very/somewhat important only 45% had cleaned their nebulizer in the last 24 hours. While 60% of families referred to the CFF infection control guidelines, over 90% were aware of ivacaftor information but this did not reach statistical significance (p=0.23). The ability to find information on the CFF website regarding ivacaftor was associated with increased likelihood of having read the infection control guidelines (p=.004) suggesting a more general knowledge of CF information.

**Conclusions:** A positive relationship exists between how patients feel about the importance of disinfection and frequency of nebulizer disinfection. However even though 95% of families place importance on germ avoidance less than half disinfect their nebulizer daily. This suggests education regarding the importance of infection control practices such as disinfection may lead to better adherence. Work is underway to understand the challenges of implementing infection control practices for families who acknowledge its importance.
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**SCD40L: A BIOMARKER FOR ***PSEUDOMONAS AERUGINOSA*** IN CYSTIC FIBROSIS**

[Bustamante, A.E.]{.ul} ^1^; Jaime‐Perez, J.^2^; Cordero‐Perez, P.^3^; Villarreal‐Villarreal, C.^2^; Mercado‐Longoria, R.^1^ *1. Clinica de Fibrosis Quística Neumologia, Hospital Universitario, Monterrey, Nuevo Leon, Mexico* *; 2. Hematologia, Hospital Universitario, Monterrey, Nuevo Leon, Mexico* *; 3. Laboratorio Unidad de Hígado, Hospital Universitario, Monterrey, Nuevo Leon, Mexico*

**Background:** Cystic fibrosis (CF) is a disease characterized by progressive lung inflammation that is largely triggered by infection. Platelets participate significantly in inflammation and they can be activated by bacterial toxins such as lipopolysaccharide of *Pseudomonas aeruginosa. P. aeruginosa* is the leading pathogen that infects CF patients and represents a determining factor for the deterioration of lung function and shortened survival. Early detection of the presence of this pathogen in CF airway is essential to establish early treatment and achieve elimination. The main problem is that young patients are not able to expectorate and therefore the identification of the bacteria is not always possible.

Having a biomarker in peripheral blood that reflects the presence of the pathogen could be very useful.

**Objective:** Evaluate platelet activation measured by sCD40L and its relationship with the presence of *P. aeruginosa* in the CF airway.

**Methods:** The study evaluated 60 stable patients diagnosed with CF followed in the CF clinic at Hospital Universitario in Monterrey, México. Analyzed data included demographic information, CFTR genotype, spirometric measurements, radiographic and tomographic evaluations, platelets, sCD40L, IL6, TNFα, VEGF, ICAM1 in peripheral blood, airway colonization status with expectoration and/or throat swab culture, and *P. aeruginosa* serology. The patients, according to Leed\'s classification, were divided into three groups: 1) patients in whom *P. aeruginosa* was never detected; 2) patients with intermittent colonization; and 3) patients with chronic colonization.

**Results:** (Table.) The cytokines measured showed no statistically significant differences between the groups. The sCD40L cutoff value of 1255 pg/mL was associated with an area under the curve of 0.84 (95% CI 0.71‐0.97) and reflects the presence of *P. aeruginosa* in the CF airway, with a sensitivity of 73% and specificity 89%. Lung damage expressed through Brasfield score, Bhalla score and spirometry (FVC%, FEV1%) had statistically significant difference between groups (P \<0.001).

**Conclusions:** Platelet activation measured by sCD40L may represent a predictive biomarker of the presence of *P. aeruginosa* in the airway of the CF patient.

**Table P. aeruginosa chronic/intermittent/never infected.**
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**MODELING CHRONIC LUNG INFECTION BY ***STAPHYLOCOCCUS AUREUS*** TO TRACK ITS ROLE IN THE PROGRESSION OF ***PSEUDOMONAS AERUGINOSA*** CHRONIC RESPIRATORY DISEASE**

[Cigana, C.]{.ul} ^1^; Bianconi, I.^1^; De Simone, M.^1^; Riva, C.^1^; Baldan, R.^2^; Sipione, B.^1^; Cirillo, D.^2^; Bragonzi, A.^1^ *1. Infections and Cystic Fibrosis Unit, San Raffaele Institute, Milan, Italy* *; 2. Emerging Bacterial Pathogen Unit, San Raffaele Institute, Milano, Italy*

Recent studies suggest that the polymicrobial nature of infections plays a key role in driving CF lung disease and, in turn, significantly impacts the clinical outcomes of patients. In children, *S. aureus* colonization/infection usually precedes chronic colonization of the respiratory tract by *P. aeruginosa*, and continues into adulthood, when it can be co‐isolated with *P. aeruginosa* from CF respiratory cultures. To date, it is unclear whether and how *S. aureus* is an independent contributor to CF lung disease pathogenesis and its impact on the progression of *P. aeruginosa* chronic lung infection. Exploring this causal association in humans is complicated by confounding variables that cannot be controlled individually. We recently developed and characterized a murine model of *P. aeruginosa* infection reliably mimicking the course of human infection (Cigana C, et al. Sci Rep. 2016;6:21465). Here, we take advantage of this murine model to study the role of *S. aureus* in the pathogenesis and progression of *P. aeruginosa* lung disease.

C57Bl/6 mice were infected with *S. aureus* Newman strain (10^6^ CFU) embedded in agar beads to mimic chronic infection and analyzed in a time course. The incidence of chronic infection was 90% at 7 days and remained stable up to 21 days. However, bacterial load, leukocyte recruitment and cytokines/chemokines levels peaked at 7 days and decreased at 21 days. The histopathological analysis at 7 days post‐infection showed an initial formation of abscesses, similar to those observed in human lungs infected by *S. aureus*, that further increased at 21 days.

At day 7, *S. aureus*‐infected mice were superinfected with *P. aeruginosa* strains embedded in agar beads for 14 days. Pre‐infection by *S. aureus* decreased the acute mortality induced by the highly virulent reference *P. aeruginosa* strain PA14 and the early CF clinical isolate AA2, and increased the number of mice progressing to *P. aeruginosa* chronic disease. In addition, *S. aureus* pre‐infection increased the incidence of chronic infection established by the CF‐adapted isolate AA43. Notably, the inflammatory response in terms of leukocyte recruitment and cytokines/chemokines production was similar in mice infected by *P. aeruginosa,* regardless of *S. aureus* pre‐infection and abscesses formation. Immunofluorescence staining showed that *S. aureus* was localized mainly in the abscesses in the parenchyma, whereas *P. aeruginosa* was mainly present in the agar beads at bronchial level.

Our study indicates that *S. aureus* shapes the host response favoring the *P. aeruginosa* persistence within the lung. Notably, the mouse model, refined in this study, is an invaluable tool for studying the pathogenesis and progression of infection in CF.

*Supported by the Italian CF Research Foundation (project FFC\#9/2010)*.
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**ENHANCED KILLING OF HYPOXIC ***P. AERUGINOSA*** BIOFILM BY CIPROFLOXACIN WITH HYPERBARIC OXYGEN TREATMENT**

[Kolpen, M.]{.ul} ^1,2^; Lerche, C.J.^1^; Sams, T.^3^; Bjarnsholt, T.^1,2^; Ciofu, O.^2^; Kühl, M.^4,5^; Høiby, N.^1,2^; Jensen, P.^1^ *1. Department of Clinical Microbiology, Rigshospitalet, Copenhagen, Denmark* *; 2. Costerton Biofilm Center, Department of Immunology and Microbiology, Faculty of Health and Medical Sciences, University of Copenhagen, Copenhagen, Denmark* *; 3. Department of Electrical Engineering, Technical University of Denmark, Biomedical Engineering, Lyngby, Denmark* *; 4. Department of Biology, University of Copenhagen, Marine Biological Section, Helsingør, Denmark* *; 5. University of Technology, Plant Functional Biology and Climate Change Cluster, Sydney, NSW, Australia*

**Objectives:** Chronic *Pseudomonas aeruginosa* lung infection is the most severe complication in cystic fibrosis patients. It is characterized by antibiotic‐tolerant biofilms in the endobronchial mucus with zones of oxygen (O~2~) depletion mainly due to polymorphonuclear leukocyte (PMN) activity. While the exact mechanisms affecting antibiotic effectiveness on biofilms remain unclear, accumulating evidence suggests that the efficiency of several bactericidal antibiotics, such as ciprofloxacin, is enhanced by stimulation of the aerobic respiration of pathogens and that lack of O~2~ increases their tolerance. In fact, the bactericidal effect of several antibiotics requires bacterial metabolic activity and depends on the formation of reactive O~2~ radicals (ROS). Re‐oxygenation of O~2~‐depleted biofilms may thus improve susceptibility to ciprofloxacin possibly by restoring aerobic respiration. Our aim is to sensitize anoxic biofilms of wild‐type *P. aeruginosa* and a catalase‐deficient mutant (Δ*katA*) to create tolerance against ciprofloxacin by hyperbaric oxygen treatment (HBOT).

**Methods:** We tested such strategy using re‐oxygenation of O~2~‐depleted *P. aeruginosa* strain PAO1and Δ*katA* agarose embedded biofilms by HBOT enhancing the diffusive supply for aerobic respiration during ciprofloxacin treatment. 3‐day‐old anoxic biofilms were treated with 1 and 2 mg/L ciprofloxacin. The biofilms were further incubated for 90 min ± HBOT (100% O~2~, 2.8 bar).

**Results:** We demonstrated enhanced bactericidal activity of ciprofloxacin in *P. aeruginosa* agarose‐biofilm during 90 min of HBOT (P\<0.05). In fact, the maximum enhancement of killing by HBOT exceeded 1 log using 1 mg/L of ciprofloxacin. Preliminary data of Δ*katA* biofilms to supplemental HBO suggest that ROS contributes to the enhanced activity of ciprofloxacin.

**Conclusions:** This study demonstrates that biofilm re‐oxygenation by HBOT can significantly enhance the bactericidal activity of ciprofloxacin on *P. aeruginosa* during 90 min of incubation. Combining ciprofloxacin treatment with HBOT thus clearly has potential to improve the treatment of *P. aeruginosa* biofilm infections. We suggest considering HBOT in CF patients where the lung infection has not yet advanced into creating exacerbation and zones of trapped air. Furthermore, we intend to demonstrate if supplemental normobaric O~2~ may enhance the activity of antibiotics.
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**MICROBIOTA ANALYSIS OF SAMPLES FROM A RANDOMIZED DOUBLE‐BLIND, PLACEBO‐CONTROLLED CROSS‐OVER STUDY OF INHALED ALGINATE OLIGOSACCHARIDE (OLIGOG) IN CYSTIC FIBROSIS INDIVIDUALS USING AZTREONAM DUE TO CHRONIC COLONIZATION WITH ***BURKHOLDERIA*** SPP.**

[Weiser, R.]{.ul} ^1^; Marchesi, J.^1,2^; Opitz, P.^3^; Trentmann, M.^4^; Rye, P.D.^5^; Onsøyen, E.^5^; Dessen, A.^5^; Hilde Myrset, A.^5^; Schwarz, C.^4^; Fischer, R.^3^; Mahenthiralingam, E.^1^ *1. Cardiff School of Biosciences, Cardiff University, Cardiff, United Kingdom* *; 2. Centre for Digestive and Gut Health, Imperial College London, London, United Kingdom* *; 3. Lungenärztliche Praxis, München -- Pasing, Germany* *; 4. Sektion Mukuviszidose, Christiane Herzog Zentrum, Berlin, Germany* *; 5. AlgiPharma AS, Sandvika, Norway*

Cystic fibrosis (CF) is a recessive genetic disease caused by a defective CFTR leading to impaired chloride and bicarbonate ion transport. This defect leads to accumulation of dense, intractable mucus, which makes patients more susceptible to chronic lung infections. OligoG CF‐5/20 is a refined low molecular weight oligosaccharide oligomer derived from brown algae alginate. It comprises mainly guluronate (\>85%) and has inherent calcium chelating properties. Previous studies have shown OligoG can disrupt bacterial biofilms in vitro, potentiate antibiotics, and reduce elevated mucus viscosity in ex vivo CF sputum. OligoG is currently in phase IIb trials for cystic fibrosis, it has demonstrated excellent safety and tolerability in healthy volunteers, and CF patients.

The study is a randomized double‐blind, placebo‐controlled cross‐over study (phase IIb) of inhaled alginate oligosaccharide (OligoG CF‐5/20 as a DPI) for 28 days in 12 subjects with cystic fibrosis using aztreonam due to chronic colonization with *Burkholderia* spp. The primary endpoint is to demonstrate the efficacy of inhaled OligoG in reducing the microbial burden of *Burkholderia* spp. as measured in expectorated sputum samples from 6 time points during the study. Secondary endpoints include evaluating the effect of inhaled OligoG on various efficacy variables eg, lung function, QoL, sputum rheology and other microbiological outcome measures.

Microbiological objectives in the study are focused on determining the relative quantity of target pathogens and bacterial diversity using culture‐independent molecular techniques. Standard molecular microbiology operating procedures have been developed and quantitative analysis of *Burkholderia* based on DNA and microbiome analysis will be performed. Ribosomal Intergenic Spacer Analysis (RISA) was used as a rapid and qualitative measure of the microbiota and has now been followed up by deep sequencing analysis of the 16S rRNA gene. Quantification and identification of the *Burkholderia cepacia* complex species present in each sample has been carried out by real‐time PCR of the *rpoD* gene and sequencing of the *recA* and *gyrB* genes, respectively. Sequences will be compared to the *B. cepacia* complex multilocus sequence typing database for accurate identification. All sputum samples will be examined to identify whether the infecting *B. cepacia* complex strain has remained the same during the study. The bacterial diversity present in the *Burkholderia* study samples before and after OligoG therapy including statistical analysis of diversity changes will be investigated.

**Results:** Available before 20 Oct 2016.

**Conclusions:** Available before 20 Oct 2016.
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**ANTI‐INFLAMMATORY EFFECTS OF THE IL‐1R ANTAGONIST ANAKINRA IN ***PSEUDOMONAS AERUGINOSA*** INFECTIONS IN MICE WITH CF‐LIKE LUNG DISEASE**

[Schütte, A.]{.ul} ^1,2^; Zhou‐Suckow, Z.^1,2^; Schatterny, J.^1,2^; Schmidt, S.^1^; Hassel, S.^3^; Weitnauer, M.^3^; Dalpke, A.^3^; Mall, M.A.^1,2^ *1. Dept. of Translational Pulmonology, University Hospital Heidelberg, Heidelberg, Germany* *; 2. Translational Lung Research Center Heidelberg (TLRC), Member of the German Center for Lung Research (DZL), Heidelberg, Germany* *; 3. Dept. of Infectious Diseases, University Hospital Heidelberg, Heidelberg, Germany*

**Background:** In a recent study, we demonstrated that hypoxic epithelial necrosis in mucus‐obstructed airways triggers spontaneous neutrophilic inflammation in Scnn1b‐Tg mice via the release of IL‐1α and that inhibition of the IL‐1R‐MyD88 pathway with the IL1‐R antagonist anakinra reduced airway neutrophilia and structural lung damage in this model of CF lung disease (Fritzsching B, et al., Am J Respir Crit Care Med. 2015;191:902‐13). However, the effects of anakinra on airway inflammation and antibacterial host defense in the context of *Pseudomonas* infection remain unknown.

**Objective:** The aim of this study was to determine the in vivo effects of anakinra on neutrophilic inflammation and *Pseudomonas* infection in wild‐type mice and Scnn1b‐Tg mice with CF‐like lung disease.

**Methods:** Scnn1b‐Tg and wild‐type mice were treated with anakinra (5mg/10g body weight) or vehicle (NaCl) alone subcutaneously b.i.d. and subsequently challenged with the *P. aeruginosa* strain PAO1 (˜2.5x10^7^ cfu/mouse) or vehicle (PBS) alone by intratracheal instillation. 24 h after *Pseudomonas* infection, bronchoalveolar lavage (BAL) was performed and analyzed using differential cell counts, measurements of proinflammatory cytokines by a cytometric bead assay and quantitative microbiology.

**Results:** Acute infection with PAO1 induced a robust neutrophilic inflammation in both wild‐type and Scnn1b‐Tg mice. Treatment with anakinra reduced neutrophils in PAO1‐infected wild‐type and Scnn1b‐Tg mice (n=13‐15, P\<0.01). Despite this reduction in airway neutrophils, anakinra treatment did neither aggravate the acute PAO1 infection in wild‐type nor Scnn1b‐Tg mice (1.9x10^3^±1.5x10^3^cfu/mL (untreated) vs. 5.6x10^3^±3.8x10^3^ cfu/mL (treated), n=13‐14, P\>0.4).

**Conclusion:** Our results support that treatment with the IL‐1R antagonist anakinra reduces neutrophilic inflammation without exacerbating bacterial infection in CF‐like lung disease in mice. These data suggest that anakinra may be used as a novel anti‐inflammatory approach to control overwhelming neutrophilic airway inflammation without aggravating bacterial infection in CF. However, clinical studies are warranted to test the safety and efficacy of this anti‐inflammatory strategy in patients with CF.

Supported by a grant from the European Commission (7th Framework Program Project No. 603038 CFMatters).
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**ACTIVITY OF ALX‐009, A NOVEL COMBINATION OF HYPOTHIOCYANITE AND LACTOFERRIN, AGAINST CLINICAL CYSTIC FIBROSIS (CF) RESPIRATORY PATHOGENS**

Payne, J.^1^; Ingram, R.^1^; Elborn, J.S.^1^; Gilpin, D.^3^; Juarez‐Perez, V.^2^; [Tunney, M.M.]{.ul} ^3^ *1. Centre for Experimental Medicine, Queen\'s University Belfast, Belfast, United Kingdom* *; 2. Alaxia SAS, Lyon, France* *; 3. School of Pharmacy, Queen\'s University Belfast, Belfast, United Kingdom*

**Introduction:** Given the problems with antibiotic resistance and the detection of new and emerging pathogens in the CF lung, there is a clear unmet need for novel antimicrobial agents for treatment of respiratory infection in CF patients. ALX‐009, a combination of lactoferrin and hypothiocyanite, has been shown to have *in vitro* activity against a range of CF pathogens, notably *Pseudomonas aeruginosa* and *Burkholderia* isolates.

**Aim:** To determine if treatment of sputum from CF patients with ALX‐009 results in a significant decrease in total sputum microbial load and microbial load of key CF pathogens, *P. aeruginosa* and *Burkholderia cepacia* complex (Bcc).

**Methods:** Sputum samples, excess to clinical requirements, were collected from CF patients chronically colonized with *P. aeruginosa* (n=24) or Bcc (n=6). Sputum plugs were selected and homogenised by repeated passage through a 1mL syringe; ALX‐009, tobramycin, ALX‐009 and tobramycin or phosphate buffered saline (PBS; control) were added and total viable counts measured at 0, 6 and 24 hours. Total viable counts were performed using selective agar plates, for *P. aeruginosa* and Bcc count, with non‐selective blood agar plates used to determine total sputum bacterial load.

**Results:** ALX‐009 demonstrated bactericidal activity against *P. aeruginosa* in 12/24 samples tested, reducing the total viable count below the detectable limit at 24 hours. For these 12 samples, *P. aeruginosa* sputum load was approximately 10^5^ CFU/g sputum (Figure). For the remaining 12/24 samples, where *P. aeruginosa* was present in a higher load of approximately 10^7^ CFU/g sputum, there was an initial decrease in the *P. aeruginosa* viable count; however, by 24 hours there was significant regrowth of *P. aeruginosa*. ALX‐009 demonstrated some activity against Bcc in sputum but the decrease in Bcc load following treatment was less than that apparent for *P. aeruginosa*. Total sputum bacterial load was similar in both ALX‐009 treated and control sputum samples for both *P. aeruginosa* and Bcc samples. There was also some evidence of synergistic activity between ALX‐009 and tobramycin against both *P. aeruginosa* and Bcc.

**Discussion:** This study demonstrates that treatment of sputum from CF patients with ALX‐009 results in a significant decrease in the microbial load of key respiratory pathogens. Moreover, there was no significant change in the total load of bacteria present in the respiratory microbiota.

**Funding:** Department of Education and Learning Studentship (Joanna Payne) and Alaxia.
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**CLINICAL EVALUATION OF A NEW CHROMOGENIC MEDIUM FOR THE ISOLATION OF ***STAPHYLOCOCCUS AUREUS*** FROM CYSTIC FIBROSIS PATIENTS: EARLIER AND MORE SENSITIVE!**

Tafani, V.; Safrani‐Lahyani, J.; Trouillet‐Assant, S.; Chiganne, M.; Vincent, F.; [Doleans‐Jordheim, A.]{.ul}; Laurent, F. *Hospices Civils de Lyon, Lyon, France*

**Introduction:** *Staphylococcus aureus* is a highly prevalent pathogen in cystic fibrosis (CF) patients and is classically identified early in infancy. The incidence of *S. aureus* infection in CF patients contributes to lung disease and increase in mortality. Direct and rapid identification of *S. aureus* in respiratory specimens from CF patients is a challenge for clinical laboratories. The aim of this study was to evaluate the performance of a new chromogenic medium intended for the isolation of *S. aureus* on various pulmonary clinical specimens from CF patients.

**Methods:** Respiratory samples (n=202) from CF patients were tested on chromID^TM^ *S. aureus* ELITE (SAIDE, bioMerieux), chromID^TM^ *S. aureus* (SAID, bioMerieux), BBL^TM^ CHROMagar^TM^ *S. aureus* (BBL, Becton Dickinson) and Columbia blood agar + CNA (CNA, bioMerieux). Three readings were performed after 24h, 48h and 72h at 37°C. Identification of chromogenic colonies was confirmed using MALDI‐TOF. First, sensitivity, specificity and selectivity were evaluated independently for each medium. Then, the significance of the differences of BBL, SAID and CNA versus SAIDE was tested according to CLSI EP12‐A2, i.e. that the performance was considered as significantly different at risk of 5% if 0 was not included in the 95% CI of the difference.

**Results:** The sensitivity of *S. aureus* detection from CF patients on SAIDE is consistently higher compared to the other media whatever the reading time. Interestingly, the difference is significant when SAIDE is compared to BBL after 24‐, 48‐, and 72‐h. The specificity of the chromogenic media was very high, especially for SAIDE and BBL (100%), whatever the reading time. The selectivity of SAIDE was significantly higher compared to the other media based on the number of non‐chromogenic colonies detected on each medium.

**Conclusion:** In real life conditions, ChromID^TM^ *S. aureus* ELITE demonstrates a better, earlier and easier detection of *S. aureus* using clinical samples from CF patients compared to the classical media used in this population. The implementation of this new chromogenic medium is promising to improve the management of CF.

**Performance characteristics of the four chromogenic media**
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S : Significantly / NS : Non significantly ‐ Number of total samples: 202 including 108 positive
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**OLIGOG CF‐5/20 MODIFIES THE LAS AND RHL SIGNALLING PATHWAYS IN A TIME DEPENDENT MANNER IN ***PSEUDOMONAS AERUGINOSA*** PAO1**

Jack, A.A.^1^; Khan, S.^1^; Pritchard, M.F.^1^; Beck, K.^1^; Onsøyen, E.^2^; Rye, P.D.^2^; Thomas, D.W.^1^; [Hill, K.E.]{.ul} ^1^ *1. Cardiff University, Cardiff, United Kingdom* *; 2. AlgiPharma, Sandvika, Norway*

**Introduction:** Chronic lung colonisation by *Pseudomonas aeruginosa* occurs in about 80% of cystic fibrosis patients. This colonisation, predominately as a biofilm, correlates with increased morbidity and mortality, as well as increased resistance to antimicrobials. Novel therapies that are effective against *P. aeruginosa* are therefore urgently required. The alginate OligoG CF‐5/20 has been shown to inhibit pseudomonal motility and biofilm assemby. Motility in *P. aeruginosa* PAO1 is regulated by signalling pathways such as Las and Rhl, and these pathways are environmentally and temporally regulated. We hypothesised that OligoG CF‐5/20 affects signalling pathways in *P. aeruginosa*.

**Methods:** The effect of the OligoG CF‐5/20 on the acyl homoserine lactones (AHLs) *N*‐butyryl‐L‐AHL (C4‐AHL) and *N*‐(3‐oxododecanoyl)‐L‐AHL (3‐oxo‐C12‐AHL) was studied using induction and inhibition (respectively) of a *Chromobacterium violaceum* CV026 biosensor strain. A time course (12, 18, 24 and 30 h) of OligoG CF‐5/20 (0.2‐10%)‐treated *P. aeruginosa* PAO1 cultures in Mueller‐Hinton (MH) was used to study virulence factor (pyocyanin, rhamnolipids, elastase, protease) production using spectrophotometric assays. AHLs were quantified using Liquid Chromatography/Mass Spectrometry (LC/MS) and expression of QS genes *lasI/R, rhlI/R, pilE, pqsR and pvdQ* studied using SYBR‐Green Real‐time RT--PCR (qPCR). Biofilm (24 h) extracellular DNA (eDNA) grown in MH ±OligoG was extracted and quantified using UV‐Vis spectrophotometry. Normalisation of culture biomass was by dry‐weight. Circular dichroism spectroscopy (CD) was used to study the interaction of C4‐AHL and 3‐oxo‐C12‐AHL (in acetonitrile, 0.1% acetic acid) with OligoG (0.05% in 100 mM NaCl, 10 mM Tris‐HCl pH 7.5) up to the following maximum molar ratios 1:6.1 and 1:3.5 (respectively).

**Results:** Significant reductions in AHL production were observed following OligoG treatment for both C4‐AHL (at ≥0.2%) and 3‐oxo‐C12‐AHL (at ≥2%; regulated by Las and Rhl respectively). LC/MS showed a pronounced decrease in C4‐AHL production over time, whilst changes in the much lower levels of 3‐oxo‐C12‐AHL were less obvious. The reduction in both AHLs in the time course samples was significant at ≥2% OligoG (although not for every time point tested) with the greatest reduction at 10% OligoG (\*P\<0.05). The effect of OligoG on virulence factor expression was most apparent with pyocyanin where a significant reduction was seen at ≥18 h with ≥0.2% OligoG. There was a limited effect on other virulence factors and only in samples at \>18 h (\*P\<0.05). qPCR showed that gene expression was significantly affected by OligoG, but these effects were virtually all at ≥24 h and predominantly for *lasI/R*. No significant difference in eDNA was seen in 24 h biofilms. CD confirmed that no direct interaction between AHLs and OligoG CF‐5/20 occurred.

**Conclusion:** OligoG CF‐5/20 affects signalling pathways in *P. aeruginosa* PAO1 in a time‐dependent manner showing that its anti‐biofilm effects are reflected in changes in pseudomonal pathogenicity.
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**THE LONG‐TERM SAFETY OF CHRONIC AZITHROMYCIN USE IN PATIENTS WITH CYSTIC FIBROSIS REGARDING THE CONDITION OF THE KIDNEY, LIVER AND HEART**

[Möhlmann, J.E.]{.ul} ^1^; Majoor, C.J.^2^; van der Vaart, H.^3^; Touw, D.^1,4^ *1. Department of Clinical Pharmacy and Pharmacology, University Medical Center Groningen, Groningen, Netherlands* *; 2. Department of Respiratory Medicine, Academic Medical Center, Amsterdam, Netherlands* *; 3. Department of Pulmonology, University Medical Center Groningen, Groningen, Netherlands* *; 4. Groningen Research Institute for Asthma and COPD, University Medical Center Groningen, Groningen, Netherlands*

**Background:** Azithromycin is a widely used macrolide antibiotic in cystic fibrosis (CF), but little is known about the safety of long‐term use. Reported side effects only apply to short‐term use. The aim of this study is to investigate possible azithromycin‐induced toxicity of the kidney, liver and heart during chronic azithromycin therapy and whether long‐term use can be considered safe regarding the condition of these organs.

**Methods:** CF patients from two medical centers in the Netherlands were included in this cohort study. Data were retrospectively extracted from January 1, 2008 to December 31, 2015 from hospital electronic patient files and anonymously transferred into the database. Index group participants used azithromycin for at least three uninterrupted years, whereas control group participants did not use azithromycin for at least three uninterrupted years. To reflect renal function, the estimated glomerular filtration rate (eGFR) was used, calculated with the MDRD Equation. To monitor hepatic function, the liver function parameters alanine amino‐transferase (ALAT), aspartate amino‐transferase (ASAT), gamma‐glutamyl transferase (GGT), alkaline phosphatase (ALP) and total bilirubin (TB) were used. The QTc‐interval was used to determine the condition of the heart. The parameters to reflect renal and hepatic function were analysed with Linear Mixed Models analysis. For the QTc‐interval was determined whether population means of index and control group were equal.

**Results:** A total of 91 adult patients, 72 index patients and 19 patients in the control group, were included in the study. The health status of index patients was worse than the condition of patients in the control group, since presence of CF‐related diabetes (CFRD) and population means of FEV~1~ and BMI differed between groups (P=0.001 for CFRD; P=0.002 for FEV~1~; P=0.027 for BMI). Decline in eGFR over time for the index group did not differ from the control group (P=0.763). During the whole study period the eGFR was higher for the index group (P=0.001). For the liver function parameters there was no difference in course over time between index and control group (P=0.587 for ALAT; P=0.851 for ASAT; P=0.646 for GGT; P=0.209 for ALP; P=0.268 for TB). During the whole study period the GGT was higher for the index group (P=0.005). There was no difference between population means regarding the QTc‐interval (P=0.229) nor was this influenced by gender (P=0.660 for males; P=0.190 for females).

**Conclusion:** Chronic azithromycin therapy can be considered safe regarding the risk for kidney, liver and heart. However, it cannot be ruled out that that the elevated GGT in the index group is due to azithromycin‐induced toxicity from use before the study period. Further research should focus on this possible azithromycin‐induced liver toxicity.
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**THE ASSOCIATION BETWEEN ***SCEDOSPORIUM*** SPECIES IN THE CF RESPIRATORY TRACT AND PULMONARY EXACERBATIONS**

[Hong, G.]{.ul}; Dezube, R.; Jennings, M.; Merlo, C.; Lechtzin, N. *Medicine, Johns Hopkins University, Baltimore, MD, USA*

**Introduction**: *Scedosporium* species are the second most common filamentous fungi found in the respiratory tract of individuals with cystic fibrosis (CF). The prevalence is greater in the adult CF population. Although isolation of *Scedosporium* from CF sputum is thought to be clinically associated with pulmonary morbidity, there is no systematic research on this topic to date.

**Objective**: To evaluate the association between *Scedosporium* and poor clinical outcomes, including decrement of lung function and number of pulmonary exacerbations, in an adult CF population.

**Methods**: A three‐year cohort study of adults in the Cystic Fibrosis Foundation Patient Registry was conducted from January 2010 to December 2012. Exclusion criteria included age younger than 18 and older than 45 years, organ transplantation at baseline, and insufficient clinical encounters (defined as less than 2). *Scedosporium* infection was defined by the presence of *Scedosporium* species in a respiratory culture at any time during 2010‐2012. Change in lung function was defined as the absolute change of FEV~1~ percent predicted between baseline lung function and lung function at the end of the study period. Pulmonary exacerbations were defined by the average number of care episodes (exacerbations requiring intravenous antibiotics) per year. Multivariable linear regression was performed to determine the relationship between *Scedosporium* and decrease in FEV~1~ percent predicted. Multivariable logistic regression was used to evaluate association between *Scedosporium* and pulmonary exacerbations. The following independent variables were adjusted in the models: baseline age, baseline FEV~1~ percent predicted, pancreatic insufficiency, F508del genotype, and *Pseudomonas aeruginosa* colonization.

**Results**: During study period January 1, 2010 and December 31, 2012, there were 9842 adult individuals that met the eligibility criteria of the study. Baseline characteristics included mean age 27.4 ±7.20 years, female 4620 (46.9%), F508del homozygous 4546 (46.2%), mean body mass index 22.5 ±3.80, baseline FEV~1~ percent predicted 65.0 ±23.6, pancreatic insufficiency 8739 (88.8%), CF‐related diabetes 3940 (40.0%), and *Pseudomonas aeruginosa* 7101 (72.2%). Three‐year prevalence of *Scedosporium* was 3.4% in the adult population. There was no association between *Scedosporium* and change in FEV~1~ percent predicted from baseline to end of study period, β=0.14, (95% confidence interval ‐1.03 to 1.31, p‐value 0.81). However, *Scedosporium* was associated with a 68% increased odds of an average of one or more pulmonary exacerbation per year during the study, odds ratio 1.68 (95% CI 1.30 to 2.16, p \< 0.001). Although attenuated, statistically significant association remained in the presence of antifungal therapy, OR 1.48 (95% CI 1.14 to 1.91, p‐value 0.003). Also, the presence of *Scedosporium* was associated with greater number of average care episodes per year, β=0.31 (95% CI 0.12 to 0.49, p‐value 0.001) for the subgroup with at least 0.5 year follow‐up.

**Conclusion**: CF adults with *Scedosporium* isolated in the airway are more likely to have pulmonary exacerbations than those without this infection. Further prospective study is needed to further examine the relationship between *Scedosporium* and pulmonary exacerbations.
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**OCCURRENCE AND CHARACTERISATION OF ***PSEUDOMONAS AERUGINOSA*** IN FREQUENTLY CONTACTED WATER SOURCES**

[Caskey, S.]{.ul} ^1^; Moore, J.E.^2^; Stirling, J.^2^; Rendall, J.^1^ *1. Regional CF Centre, Belfast City Hospital, Belfast, Northern Ireland, United Kingdom* *; 2. NI Public Health Laboratory, Belfast, United Kingdom*

**Introduction:** Chronic *P. aeruginosa* infection is associated with increased morbidity and mortality in CF patients. Initial acquisition of *P. aeruginosa* may occur via transmission from colonised individuals or contact with contaminated water sources. Current understanding of risk factors for acquisition is limited and so the aim of this study was to examine a large sample of environmental waters from diverse sources.

**Methods:** Environmental water samples (*n*= 7904 from Jacuzzis, hydrants, swimming pools, hot tubs, plunge pools, bottled natural mineral water (NMW), taps, springs, ice machines, water coolers, bores and showers) were processed from June 2008 until April 2016 using standard bacteriological culture methods for isolation, identification and characterisation of *P. aeruginosa*. In parallel, 44 *P. aeruginosa* isolates were obtained from health service estates waters. These underwent susceptibility testing against 8 anti‐pseudomonal antibiotics: tobramycin, amikacin, ceftazadime, pipercillin/ tazobactam, meropenem, ciproxin, colistin and aztreonam in accordance with CLSI antibiotic susceptibility methodology. These isolates were also examined phenotypically for the presence of mucoidy and pigmentation.

**Results:** Hot tubs \[51/243 (21%)\] and Jacuzzis \[432/5811 (7%)\] were the most likely environments where *P. aeruginosa* was isolated. *P. aeruginosa* was isolated from 24 of 1234 (2%) samples from dockside watering hydrants, 2 of 67 (3%) bottled NMW samples and 5 of 270 (2%) samples from swimming pools. Relatively few of the remaining sources yielded significant numbers of positive isolates. Antimicrobial susceptibility studies on health estates water *P. aeruginosa* isolates demonstrated pan‐sensitivity and lack of mucoidy. 77% of isolates were pigmented. There were no significant differences in the seasonal distribution of positive isolates.

**Discussion:** Our study highlights the ubiquitous nature of *P. aeruginosa*. Given CF patients are frequently counselled to make lifestyle changes to minimize *P. aeruginosa* exposure, these results have important implications. It may be many imposed lifestyle changes have less impact on acquisition than previously believed. Risk factors for acquisition remain unclear. Adherence, nutritional status and genetics may all play a role. Loss of CFTR function is associated with earlier age of acquisition (Rosenfeld M, et al. J Cyst Fibros. 2012;11:446--53) perhaps due to alterations in airway surface liquid impairing innate defence and bacterial clearance (Matsui H, et al. Proc Natl Acad Sci USA. 2006;103:18131--6), or CFTR may bind directly to *P. aeruginosa* (Bajmoczi M, et al. Am J Physiol Cell Physiol. 2009;297:C263--77). New cases of infection with *P. aeruginosa* in the N. Ireland CF population remain infrequent. Most early isolates are nonmucoid and pan‐sensitive, similar to the isolates examined in our study, suggesting the isolates from health services estates water samples originated from environmental sources.

**Conclusion:** As *P. aeruginosa* is ubiquitous in the environment recommending CF patients make lifestyle changes to minimise contact may be ineffectual. Further work is needed to identify those at highest risk of acquisition.

**Acknowledgments:** SC was funded by the CF Trust Fellowship Programme
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**EARLY LIFE VIRAL PATHOGENESIS IN CF LUNG DISEASE**

[Deschamp, A.]{.ul} ^1^; Hatch, J.^1^; Gebregziabher, N.^1^; Slaven, J.^1^; Gao, S.^1^; Buller, R.^2^; Storch, G.^2^; Hall, G.^4^; Ranganathan, S.^3^; Ferkol, T.^2^; Davis, S.D.^1^ *1. Indiana University, Indianapolis, IN, USA* *; 2. Washington University, St. Louis, MO, USA* *; 3. Murdoch Children\'s Research Institute, Parkville, VIC, Australia* *; 4. Telethon Kids Institute, West Perth, WA, Australia*

**Background:** CF lung disease begins early, often in infancy, with lower airway inflammation and obstruction. Recent investigations highlight the significant role of viruses in CF pulmonary exacerbations. Worldwide, acute respiratory illnesses are common, even in healthy children, with 70% due to viral infections. Infants with CF acquire viral infections as frequently as their healthy counterparts, but are at higher risk of lower respiratory tract infection, decline in pulmonary function and hospitalization. A gap exists tracking early respiratory viral infections and relating these to lower airway inflammation and lung function abnormalities in CF infants in the first year of life. Understanding the contribution of respiratory viruses to early CF lung disease could help guide management and highlight areas for intervention.

**Objective**: To examine the frequency of respiratory viruses and explore the association of these infections to respiratory symptoms, airway inflammation and infant lung function in CF infants during the first 6 months of life.

**Methods:** As part of a multi‐center prospective study, infants with CF diagnosed by NBS were enrolled and evaluated in clinic every 2 months. Nasopharyngeal (NP) swabs, processed using viral PCR, were obtained at each visit and at home by parents during times of respiratory symptoms. Infant pulmonary function testing using raised volume technique and flexible bronchoscopy with BAL were performed at each site. BAL fluid was analyzed for cell count, differential and inflammatory markers. T‐tests were used to compare outcomes between those with a respiratory virus vs those without during the first 6 months of life.

**Results:** Sixty‐nine participants were enrolled, mean age of enrollment 3.1 months, SD 0.8. Of the 69 participants, 43% were male, 97% Caucasian and 56% homozygous F508del. Of the NP swabs tested (N=132), 33% (N=43) were positive for a respiratory virus. Human rhinovirus was the most common in 74%, followed by human coronavirus in 16%. Infants were symptomatic in 27% of encounters. The most common symptom was cough (70%), followed by nasal congestion (55%) and wheeze (24%). The odds of viral detection increased with the number of symptoms (OR 1.6, 95% CI 1.18‐2.35). There was no significant association between having a respiratory virus and pulmonary function (FEV~0.5~ z‐score 0.22 vs 0.40, p=0.82) or lower airway inflammatory markers including IL‐8 (1.92x10^4^ vs 1.52x10^4^ pg/mL, p=0.75) and NE (6.6 vs 4.2 μg/mL, p=0.63).

**Conclusions:** The presence of a respiratory virus in the first 6 months of life did not significantly impact lower airway inflammation or pulmonary function in these CF infants. HRV was the most common virus, in line with data on healthy infants. Collection of viral and symptom data through the first year along with repeat pulmonary function testing and bronchoscopy at 12 months of age will allow for assessment of longitudinal changes and potential cumulative impact of repeat viral infections. Also, future work will examine the use of antibiotics during viral infection to determine current practices and effects on pulmonary outcomes.
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**EVALUATION OF MICROBIOME RESILIENCE IN CYSTIC FIBROSIS**

Scaglione, B.^1^; Wang, J.^1^; Wu, B.^1^; Lesko, M.^1^; Li, Y.^1^; Scott, A.^1^; Giusti, R.^1^; Amoroso, N.^1^; DiMango, E.^2^; Fiel, S.^4^; Berdella, M.^3^; Walker, P.^3^; Condos, R.^1^; [Segal, L.N.]{.ul} ^1^ *1. Medicine, NYU School of Medicine, New York, NY, USA* *; 2. Columbia University, New York, NY, USA* *; 3. Mount Sinai Beth Israel ICAHN School of Medicine, New York, NY, USA* *; 4. Morristown Medical Center, Morristown, NJ, USA*

**Rationale:** Culture techniques fail to describe complex microbial communities (microbiome) present in the airways of cystic fibrosis (CF) patients. By evaluating the gastrointestinal and airway microbiomes longitudinally during periods of stability we hope to identify microbial signatures relevant to inflammation and disease progression.

**Methods:** To date, 7 subjects were enrolled to obtain longitudinal samples, including blood, oral wash, sputum and fecal samples. Samples were obtained at baseline and after 1 month during a period of stability. Two subjects were on inhaled antibiotics, in whom samples were obtained before initiation and at the end of inhaled antibiotic cycle. 16S rRNA gene sequence (MiSeq, Illumina) was used to assess the microbiome composition. Data were processed with QIIME. α diversity (within‐sample diversity) based on Shannon index and β diversity (between‐sample diversity) based on weighted UniFrac distance calculations. Monte Carlo simulations were utilized to compare different samples. LEfSe analysis evaluated taxonomic differences (LDA\>2).

**Results:** Sufficient sequence depth was achieved in all samples (median \[IQR\] = 38, 606 \[28,847‐43,446\] reads per sample). α Diversity was significantly higher in fecal samples (p\<0.03) and lower in sputum samples (p\<0.001). β Diversity plots showed significant difference between all three types of samples based on UniFrac. Procrustes analysis with Monte Carlo simulation showed similarities between different samples (oral wash, sputum and fecal) for each subject (p\<0.035 for all comparisons) supporting microbiota identity for each subject in different mucosa. Comparison between baseline and 1‐month time point showed significant similarities between the two time points for sputum samples (Monte Carlo p value=0.002, M^2^=0.11) but did not reach statistical significance for oral or fecal samples. There was a trend towards higher β diversity change in sputum in subjects on inhaled antibiotics compared with subjects that were not on this therapy (0.28±0.10 vs. 0.16±0.09). A case where bronchoscopy was performed showed that while *Achromobacter* dominated BAL samples (\>98% relative abundance) this genus had much lower representation in sputum and in oral wash (59% and 1% respectively).

**Conclusions:** This preliminary data supports prior work showing microbial similarity (cross‐pollination) between different mucosa sites. Stability of the microbiome will be assessed during initiation of inhaled antibiotic therapy. Bronchoscopic assessment of the lower airway microbiome may illustrate discrepencies between lower airway microbiota and sputum.
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**CF AIRWAY POLYMERS DRIVE BACTERIAL AGGREGATION AND ACTIVATE BACTERIAL STRESS RESPONSES THAT PROMOTE ANTIBIOTIC TOLERANCE**

[Ratjen, A.M.]{.ul} ^1^; Secor, P.R.^1^; Singh, P.^1,2^ *1. Microbiology, University of Washington, Seattle, WA, USA* *; 2. Medicine, University of Washington, Seattle, WA, USA*

*Pseudomonas aeruginosa* and other pathogens have been observed to live in multicellular aggregates in CF airways. Key infection characteristics, including noninvasive behaviour and treatment resistance, have been attributed to aggregated growth. Bacterial aggregation is typically thought to result from active self‐assembly mechanisms akin to those observed in in vitro biofilm. However, many CF clinical isolates are unable to form biofilms in vitro and biofilm formation genes are frequent targets for inactivating mutations during in‐host evolution. Furthermore, bacteria in CF airways may not be surface attached, so a key biofilm‐initiating signal may be absent. These observations raise the possibility that in vivo aggregation may occur by mechanisms that are independent of biofilm formation.

We investigated whether environmental conditions in CF airways could spontaneously promote bacterial aggregation. CF airways are rich in host polymers, such as mucin and DNA, and polymers can cause particles to aggregate via a crowding mechanism called depletion aggregation. When particles aggregate, more volume is available to the polymers, maximizing the entropy of the system.

We incubated *P. aeruginosa* in both synthetic (PEG) and disease relevant (mucin+DNA) polymers and found that bacteria spontaneously aggregated. The relationship between bacterial numbers, polymer concentration, and aggregation; and the lateral arrangement of bacteria within aggregates indicated that both PEG and host polymers caused aggregation by the depletion mechanism. We also found that depletion aggregation promoted tolerance to multiple antibiotics within 15 minutes of aggregate formation. Control experiments indicated that polymers did not inactivate antibiotics and that aggregation was responsible for the tolerance phenotype. Furthermore, depletion aggregation promoted tolerance in strains where biofilm formation was disabled, indicating that active biofilm assembly functions are not required. When aggregates were dispersed, tolerance was retained in dispersed bacteria for 15 minutes. However, dispersed bacteria became sensitive to antibiotics 60 minutes after dispersion.

The fact that tolerance to multiple antibiotic classes developed rapidly and persisted for a time after aggregates were dispersed raised the possibility that depletion aggregation may induce tolerance‐promoting stress responses. Because of its role in producing antibiotic tolerance, we initially focused on the SOS response, which is induced by a variety of environmental stresses. Studies with a fluorescent gene expression reporter indicated that the SOS response was induced within aggregates. Furthermore, inactivation of the SOS response or SOS‐regulated genes that induce growth arrest markedly reduced aggregate‐mediated tolerance. Together, these results suggest that polymer‐rich environments, such as CF airway secretions, may promote bacterial aggregation via the depletion mechanism, resulting in stress‐induced growth arrest, and antibiotic tolerance.

**377**

**MECHANISM OF ACTION OF THE IMMUNE MODULATING PEPTIDE RHESUS THETA‐DEFENSIN 1 (RTD‐1)**

[Jayne, J.G.]{.ul} ^1^; Bensman, T.^1^; Wang, J.^1^; Trinh, K.^1^; Rao, A.^2^; Beringer, P.^1^ *1. School of Pharmacy, University of Southern California, Los Angeles, CA, USA* *; 2. Keck School of Medicine, University of Southern California, Los Angeles, CA, USA*

**Background:** Chronic infection and inflammation are the principal causes of progressive loss of lung function in CF. We have previously shown that the macrocyclic peptide RTD‐1 exhibits antibacterial activity in F508del mice with chronic *Pseudomonas aeruginosa* lung infection. RTD‐1 also has immune modulating activity yet its anti‐inflammatory mechanism of action (MoA) is poorly understood. The current study aimed to further elucidate RTD‐1 anti‐inflammatory MoA in vivo using gene expression profiling.

**Methods:** Chronic airway infection was established in C57BL/6 mice via intratracheal injection of *P. aeruginosa*‐embedded agarose beads. Aerosolized saline/RTD‐1 was delivered at 167μg/kg daily (n=8/group 3/7 days). Lung inflammation was assessed by cell counts in bronchoalveolar lavage (BAL) fluid. Microarray analysis identified differentially expressed genes (DEGs) in BAL cells and lung tissue. To confirm the clinical relevance of animal model data we tested RTD‐1 activity in ex vivo sputum cell culture. Spontaneously expectorated CF sputum samples were obtained from 6 inpatients and 3 outpatients. Sputum immune cells were cultured with 10μg/mL or 100μg/mL of RTD‐1 for 4/24 hours. The anti‐inflammatory effects of RTD‐1 were assessed by measuring cytokine concentrations by ELISA.

**Results:** RTD‐1 treatment of mice with chronic *P. aeruginosa* airway infection induced a significant reduction in neutrophil lung infiltration versus saline treated controls (Day 3 mean ‐55% p=0.001; Day 7 mean ‐32% p=0.01). Microarray analysis revealed CXCL10 as the most highly downregulated gene in BAL and lung tissue. IPA analysis revealed IL‐1β and IFN‐γ as potential targets of RTD‐1. Both IL‐1β and IFN‐γ are known regulators of CXCL‐10 expression. IL‐1β was shown to be downregulated by 100μg/mL RTD‐1 at 4 and 24 hours in sputum cell culture (4 h ‐42.42% p=0.01; 24 h ‐61.91% p=0.03).

**Discussion:** Data demonstrate the potential of RTD‐1s as a therapeutic for CF lung disease by alleviating pulmonary neutrophilic inflammation. Furthermore, these data begin to indicate and confirm key cellular targets of RTD‐1\'s MoA namely, CXCL10, IL‐1β and IFN‐γ. These data will help direct the development of future translational and MoA studies.

**Acknowledgments:** Funding was provided by CFRI and the Webb Foundation.
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**EFFECT OF CFTR DEFICIENCY IN MACROPHAGES ON KILLING OF METHICILLIN‐RESISTANT ***STAPHYLOCOCCUS AUREUS*** (MRSA)**

[Fitzpatrick, E.]{.ul} ^1^; Cox, J.^1^; Zhang, W.^2^; Peters, B.^3^; Gardner, T.^2^; Srinivasan, S.^2^; Stokes, D.C.^2^ *1. Micro. Immun. & Biochem, University of Tennessee Health Science Center, Memphis, TN, USA* *; 2. Pediatrics, UTHSC, Memphis, TN, USA* *; 3. Clinical Pharmacy, UTHSC, Memphis, TN, USA*

**Introduction**: The leading cause of death in cystic fibrosis (CF) patients is respiratory failure due to chronic respiratory infections. There has been an increase in CF patients exhibiting chronic MRSA infections which are associated with an increased rate of lung function decline, failure to recover from acute pulmonary exacerbations and an increase in mortality (Dasenbrook EC, et al. JAMA. 2010;303:2386‐92). MRSA infects young CF patients and often grows as biofilms which are more resistant than their wild‐type counterparts to antimicrobial therapy and clearance by the immune system. Even though MRSA infections are devastating clinically, there is a fundamental gap in our understanding of how dysfunctional immunity in the CF lung hampers bacterial clearance. The objectives of this study are: 1) to perform longitudinal sampling of CF patients to measure changes correlated with the ability of MRSA isolates to form biofilm, and 2) to determine the effect of CFTR mutations on the ability of macrophages to phagocytose and kill MRSA.

**Methods:** Serial sputum samples were obtained from patients with chronic MRSA infection or MRSA‐*Pseudomonas aeruginosa* co‐infection at quarterly lab visits. MRSA was isolated from the sputum and identified by standard morphological and biochemical characteristics and biofilm formation quantified using an established polystyrene microtiter plate assay. To measure phagocytosis and killing of MRSA, RAW264.7 murine macrophages were treated with a CFTR inhibitor (CFTRinh‐172) or vehicle control for 24 hours followed by challenge with MRSA at various MOIs. Following a 1‐hour incubation with bacteria to allow for phagocytosis (t=0), cells were washed to remove extracellular bacteria and then incubated for an additional 2 hours (t=2). Phagocytosis was assessed by enumerating viable intracellular staphylococci at t=0 and bacterial killing was measured at t=2 by enumerating viable bacteria using standard microbiological plating.

**Results and Conclusions:** Our results suggest that macrophages treated with CFTRinh‐172 exhibited reduced phagocytosis of MRSA compared to untreated macrophages. There was a 35% decrease in the amount of viable MRSA recovered at t=0 in the CFTRinh‐172 treated macrophages compared to untreated macrophages. Compared to MRSA recovery at t=0, there was approximately 50% reduction in viable MRSA recovered from untreated macrophages at t=2, suggesting killing of intracellular bacteria by untreated macrophages. However, the amount of MRSA recovered at t=2 by CFTRinh‐172 treated macrophages was not different from t=0, suggesting that CFTRinh‐172 treatment inhibited bacterial killing. These results suggest that deficient CFTR activity in macrophages may inhibit both phagocytosis and killing of MRSA which may contribute to the development of chronic MRSA infections in CF patients.

**379**

**SUCCESSFUL ERADICATION OF ***BURKHOLDERIA CEPACIA*** COMPLEX (BCC) FROM PATIENTS WITH CYSTIC FIBROSIS: A CASE SERIES**

[Garcia, B.]{.ul}; Carden, J.; Goodwin, D.; Smith, T.; Gaggar, A.; Leon, K.; Antony, V.; Rowe, S.M.; Solomon, G.M. *University of Alabama at Birmingham, Birmingham, AL, USA*

**Introduction:** *Burkholderia cepacia* complex (*Bcc*) represents a classification of genetically related bacteria found to infect cystic fibrosis (CF) patients. Infection with *Bcc* leads to a spectrum of clinically relevant disease ranging from asymptomatic colonization of unclear significance to necrotizing pneumonia with rapid loss of lung function and death, however its presence portends a worsened prognosis. *Pseudomonas aeruginosa* (*PsA*) has similar characteristics in this regard, but can be successfully eradicated using a protocol‐based approach when detected early. To date, a standardized antibiotic eradication protocol for treatment of *Bcc* infection has not been described.

**Methods:** We developed an empirical eradication protocol in our center. The treatment protocol consisted of an initial 21 days of therapy, termed the "induction" phase including: intravenous tobramycin daily (8‐10mg/kg), intravenous ceftazidime (2 grams) three times daily, trimethoprim/sulfamethoxazole (800/160 ‐ two tablets) twice daily, inhalational tobramycin (300 mg) twice daily, and azithromycin (250 mg) daily. Following completion of the induction phase, patients received an additional two months of inhalational tobramycin (300 mg) twice daily, trimethoprim/sulfamethoxazole (800/160‐ two tablets) twice daily, and azithromycin (250 mg) daily, termed the "consolidation" phase of treatment. We then conducted a retrospective chart review of subjects treated for *Bcc* in our center. Sputum samples were obtained every three months following initiation of the protocol as were pulmonary function testing and body mass index (BMI). Patients were defined as having successful eradication after one year of negative cultures and at least three negative cultures.

**Results:** 13 patients were found to be infected with *Bcc* by sputum culture. Six patients were identified as having new infection and were placed on the eradication protocol while seven patients were identified as having chronic colonization/infection and were not treated with intention to eradicate. Sputum samples obtained 4‐6 weeks after initiation demonstrated clearance of *Bcc* in all patients placed on the eradication protocol. Negative *Bcc* cultures were maintained in all patients at one year follow‐up. No significant difference was seen in FEV~1~% predicted or BMI at 3, 6, and 12 months posteradication compared to their preinfection baseline.

**Conclusion:** Clearance of *Bcc* using a standardized protocol based on antibiotic sensitivities was successful at one year and resulted in clinical stability of these selected patients. The long‐term clinical effect of *Bcc* eradication in CF patients is of unclear significance and requires further evaluation. A multicenter study utilizing a protocol for *Bcc* eradication should be considered.

**380**

**COMPARISON OF 16S RIBOSOMAL RNA GENE SEQUENCING AND BACTERIAL CULTURE IN PEDIATRIC CYSTIC FIBROSIS SPUTUM SAMPLES**

[Coburn, B.]{.ul} ^1^; Waters, V.J.^2^; Yau, Y.^2^; Donaldson, S.^3^; Wang, P.^3^; Hwang, D.^1^; Guttman, D.^3^ *1. Infectious Diseases, University Health Network, Toronto, ON, Canada* *; 2. Hospital for Sick Children, Toronto, ON, Canada* *; 3. University of Toronto, Toronto, ON, Canada*

In patients with cystic fibrosis (CF), the detection of respiratory pathogens is a primary clinical and microbiological concern. Culture‐independent 16S rRNA gene microbiome sequencing has demonstrated improved comprehensiveness and sensitivity compared to routine culture in CF sputum samples, but has not been systematically compared to culture for detection of these pathogens. Furthermore, positive molecular tests in culture‐negative samples are of unclear significance. Our objective was to systematically compare 16S rRNA gene sequencing and culture in 77 pediatric CF patients for six pathogens: *Staphylococcus aureus, Haemophilus influenzae, Pseudomonas aeruginosa, Burkholderia cepacia* complex, *Stenotrophomonas maltophilia,* and *Achromobacter xylosoxidans*. Microbiome profiling identified pathogens in 99.1% and 73.7% of culture‐positive and negative samples respectively. Culture‐positivity was associated with a significantly greater relative abundance (RA) of the genus, with culture‐positive samples having an average RA nearly 50‐fold greater than culture‐negative samples. Culture‐positivity with mucoid *Pseudomonas aeruginosa* was associated with greater *Pseudomonas* relative abundance by sequencing than culture‐positivity with nonmucoid *Pseudomonas aeruginosa*. *Stenotrophomonas, Haemophilus,* and *Staphylococcus* and *Pseudomonas* were highly prevalent, even in culture‐negative samples.

Supported by Canadian Institutes for Health Research.
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**REPLICATION AND DISTRIBUTION OF A ***PSEUDOMONAS AERUGINOSA*** STRAIN PA14 ORDERED, NONREDUNDANT TRANSPOSON INSERTION MUTANT LIBRARY**

Drenkard, E.^1,3^; Hibbler, R.^1^; Gutu, A.^3^; Eaton, A.^1^; Ausubel, F.M.^3^; Hurley, B.P.^1,2^; [Yonker, L.M.]{.ul} ^1,2^ *1. Mucosal Immunology and Biology Research Center, Massachusetts General Hospital, Boston, MA, USA* *; 2. Pediatrics, Harvard Medical School, Boston, MA, USA* *; 3. Molecular Biology, Massachusetts General Hospital, Boston, MA, USA*

*P. aeruginosa* is the most common pathogen in the cystic fibrosis airway and colonizes nearly two‐thirds of the CF population. Importantly, *P. aeruginosa* is associated with persistent chronic infections that are increasingly difficult to treat and eradicate due to the bacteria\'s ability to form biofilms and develop antibiotic resistance. *P. aeruginosa* strain PA14 is a clinical isolate that is closely related phylogenetically to other clinical isolates, but shows a high level of virulence compared to several well studied *P. aeruginosa* strains, especially strain PAO1. The virulence phenotype of PA14 is linked to its endotoxin profile, pili structure, pathogenicity islands composition, type III secretion system (TTSS) activity, and cytotoxicity towards mammalian cells. Strain PA14 also shows distinct profiles of antibiotic resistance with respect to other commonly studied strains of *P. aeruginosa*. Analysis and characterization of strain variability increases the understanding of bacterial processes that can ultimately inform clinical management.

A *Pseudomonas aeruginosa* ordered non‐redundant transposon insertion mutant library (PA14NR Set) was constructed using strain PA14 by Dr. Fred Ausubel\'s lab (Liberati N, et al. PNAS. 2006;103:2833‐8) at Massachusetts General Hospital, and the library has been recently transferred to the Yonker/Hurley lab for curation and distribution to the scientific community. The PA14NR Set is composed of a single mutant per non‐essential open reading frame that was selected from a comprehensive library of insertion mutants. Version 1.0 of the PA14NR Set consists of approximately 5800 mutants (representing approximately 4600 PA14 genes) arranged in 96‐well microtiter plates. The present study describes methods used for replication of the PA14NR Set designed to maximize the number of copies produced while minimizing cross‐contamination. The PA14NR Set consisting of 64 microtiter plates was divided into 4 sets of 16 microtiter plates that were processed during 4 consecutive weeks to generate a total of 12 copies destined for library distribution. Quality control was done by testing a random set of mutants and confirming gene identity using arbitrary PCR and subsequent sequencing.

The use of the *P. aeruginosa* strain PA14 ordered non‐redundant transposon insertion mutant library has been referenced in 501 publications, attesting to the importance of the use of insertion mutant libraries as tools for the characterization and understanding of bacterial processes. Genetic screens that used the PA14NR Set have contributed to the understanding of mechanisms involved in antibiotic resistance, bacterial metabolism and growth, biofilm stability and host‐pathogen interactions. The PA14NR Set has become an important resource for the CF community and its continuous availability will undoubtedly have important implications for the advancement of the treatments for CF airway infections.

**382**

**A SINGLE AMINO ACID CHANGE IN ***BURKHOLDERIA DOLOSA*** FIXL ALTERS PATHOGENICITY**

[Schaefers, M.]{.ul} ^1,2^; Liao, T.^1^; Boisvert, N.^1^; Priebe, G.P.^1,2^ *1. Boston Children\'s Hospital, Boston, MA, USA* *; 2. Harvard Medical School, Boston, MA, USA*

**Background:** Bacteria in the *Burkholderia cepacia* complex (BCC), including *B. dolosa*, can cause outbreaks among patients with cystic fibrosis (CF) and are often associated with clinical deterioration, sometimes as the so‐called cepacia syndrome. Whole‐genome sequencing of multiple *B. dolosa* isolates from an outbreak in Boston, MA identified *fixL* (BDAG_01161) as a gene showing signs of strong positive selection. This gene has homology to *fixL* of the rhizobial FixL/FixJ two‐component system. FixL is a sensory histidine kinase that detects oxygen tension and phosphorylates the transcription factor FixJ in low oxygen, leading to activation of the *fixK* gene. Our previous work identified that the *fixLJ* system is involved in biofilm formation, motility, and persistence in a murine model. The reference strain, *B. dolosa* AU0158, which was isolated from the index patient after several years of colonization, contains a point mutation in the *fixL* gene (S439) compared to the ancestral isolate (W439). In this study, we sought to understand the implications of this mutation in *fix*‐mediated phenotypes.

**Methods:** We constructed a *fixLJ* deletion mutant of *B. dolosa* strain AU0158 using allelic replacement as well as isogenic strains complementing the deletion mutant with either S439 *fixL* (reference sequence in strain AU0158) or W439 *fixL* (ancestral sequence), both of which contained the *fixJ* reference sequence. We also complemented the deletion mutant with *fixL* R347H or G345S, which were both detected during a period of FEV~1~ decline in a *B. dolosa*‐infected patient. We measured swimming motility as well as the ability of these constructs to form biofilm on PVC plates. In a murine model of pneumonia after intranasal inoculation, we assessed the ability of these *B. dolosa* strains to persist in the lung and disseminate to the spleen. We measured *fix*‐regulated gene expression using RNA‐seq.

**Results:** *B. dolosa* carrying the ancestral FixL sequence (W439) produce significantly (*p* \<0.001) more biofilm than isogenic bacteria carrying the reference *fixL* sequence (S439). Interestingly, *B. dolosa* carrying the ancestral *fixL* are nonmotile while *B. dolosa* carrying the reference sequence are motile. In the murine pneumonia model, *B. dolosa* carrying the ancestral *fixL* sequence have 8‐ to 10‐fold lower viable bacteria in the lungs and spleen 7 days postinfection compared to *B. dolosa* carrying the reference *fixL* sequence (*p* \<0.05). Using RNA‐seq we found that 255 and 244 genes are down‐ and up‐regulated, respectively, in S439 relative to W439, with the entire flagellar biosynthetic pathway down‐regulated in W439, which is consistent with its nonmotile phenotype. Both R347H and G345S had biofilm and motility phenotypes similar to S439.

**Conclusion:** *B. dolosa* strains carrying one of several FixL point mutations arising later during human infection are less able to form biofilms, more motile, and better able to persist in vivo in the murine lung and spleen compared to *B. dolosa* carrying the ancestral genotype.

**Funding:** Cystic Fibrosis Foundation.
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**PIPERACILLIN‐INDUCED HAEMOLYTIC ANAEMIA ‐ A FREQUENT COMPLICATION OF ANTIBIOTIC TREATMENT IN PATIENTS WITH CYSTIC FIBROSIS**

[Roehmel, J.F.]{.ul} ^1^; Specht, P.^1^; Mayer, B.^2^; Schwarz, C.^1^; Staab, D.^1^ *1. Pediatric Pneumology and Immunology, Charité ‐ Universitaetsmedizin Berlin, Berlin, Germany* *; 2. Institute for Transfusion Medicine, Charité ‐ Universitaetsmedizin Berlin, Berlin, Germany*

**Introduction:** Two mechanisms of drug‐induced haemolysis have been described. Usually both, extravascular and intravascular haemolysis, are caused by drug‐dependent antibodies (ddAb). Extravascular haemolysis presents with mild and less severe clinical symptoms of anaemia, whereas intravascular haemolysis usually manifests with a rapid destruction of red blood cells caused by antibody‐mediated complement activation leading to acute clinical symptoms. Interestingly more than 50% of all piperacillin‐induced immune haemolytic anaemia (PIHA) cases investigated at a reference laboratory in Germany were patients with cystic fibrosis (CF). Therefore the investigated hypothesis of this study is a higher prevalence for PIHA in patients with CF as for the general population.

**Method:** Included were all patients with CF older than 12 years who were admitted to the hospital for antibiotic treatment. Past transplantation was an exclusion criterion. Blood samples were obtained in the beginning and at the end of a given intravenous treatment. Direct antiglobulin test (DAT) and indirect antiglobulin test (IAT) were performed using standard techniques. For positive samples an antibody differentiation was done. DdAb were investigated using gel technique. Thus we prepared a 1mg/mL drug solution or used ex‐vivo antigens, respectively and incubated it for 30 minutes in presence of patients\' plasma and group O RBCs. The individual prior exposure to piperacillin and information concerning atopy and microbiology are documented.

**Results:** In the currently ongoing trial 2 out of 40 patients developed a PIHA. This is a high prevalence compared to the general expectation of approximately 1:1,000,000. Both had ddAb but no complement activation. This is typical for extravascular haemolysis. Clinical symptoms of haemolysis were mild even though there was a drop of haemoglobin by 4 mg/dL. The study will be finished by June 2016.

**Conclusion:** These results suggest a higher prevalence of PIHA in patients with CF than expected in the general population. This is backed by several case reports. Possibly this is due to the exposure to piperacillin.

Therefore PIHA should be considered when treating patients with CF.

**384**

**DYSREGULATION OF NUTRITIONAL IMMUNITY DURING RESPIRATORY VIRAL INFECTION PROMOTES ***PSEUDOMONAS AERUGINOSA*** BIOFILM GROWTH**

[Hendricks, M.R.]{.ul} ^1^; Ouyang, Y.^2,3^; Stolz, D.^4^; Sadovsky, Y.^2,3^; Bomberger, J.^1^ *1. Microbiology & Molecular Genetics, University of Pittsburgh, Pittsburgh, PA, USA* *; 2. Magee‐Womens Research Institute, University of Pittsburgh, Pittsburgh, PA, USA* *; 3. Obstetrics, Gynecology, and Reproductive Science, University of Pittsburgh, Pittsburgh, PA, USA* *; 4. Cell Biology, University of Pittsburgh, Pittsburgh, PA, USA*

*Pseudomonas aeruginosa* is a gram‐negative, opportunistic pathogen that chronically infects approximately 80% of cystic fibrosis (CF) patients by early adulthood, accounting for the majority of morbidity and mortality in these patients. The development of chronic *P. aeruginosa* infections in the CF lung involves the formation of highly recalcitrant biofilm communities. Clinical observations have noted acquisition of chronic *P. aeruginosa* infection by CF patients often occurs during respiratory viral seasons, with up to 85% of new *P. aeruginosa* colonization occurring within 3 weeks following a respiratory viral infection (Johansen HK, Hoiby N. Thorax. 1992;47:109‐11; Collinson J, et al. Thorax. 1996;51:1115‐22). Although the mechanism underlying this interaction in the CF lung is not well understood, we have recently shown that respiratory syncytial virus (RSV) co‐infection stimulates increased biofilm growth by *P. aeruginosa* on airway epithelial cells (AECs) through a mechanism that is dependent on the apical release of the host iron‐binding protein transferrin, suggesting that nutritional immunity is compromised in AECs during RSV co‐infection (Hendricks MR, et al. PNAS. 2016;113:1642‐7). However, the mechanism by which transferrin is released from AECs during respiratory viral infection remains undefined. Transferrin mRNA and protein levels are not altered in AECs during RSV infection, suggesting an alternative mechanism of secretion. We hypothesized that respiratory viral infection alters transferrin trafficking within AECs and allows its apical secretion, thereby promoting *P. aeruginosa* biofilm biogenesis. We show in these studies that extracellular vesicles released apically from AECs during RSV co‐infection enhanced *P. aeruginosa* biofilm growth. Extracellular vesicles had significantly increased levels of iron and chelation of iron from the extracellular vesicles reduced their ability to stimulate *P. aeruginosa* biofilm growth. Interestingly, RSV infection enhanced the transcytosis and apical secretion of transferrin originating from the basolateral compartment of cells, loaded onto extracellular vesicles. Together these results suggest RSV infection redirects transferrin trafficking in AECs, resulting in the loading of transferrin onto apically released extracellular vesicles, which can be utilized as an iron source by *P. aeruginosa* to form biofilms. We are currently investigating the pathways by which RSV infection induces transferrin packaging and secretion in extracellular vesicles to stimulate *P. aeruginosa* biofilm growth. Our data suggest a novel mechanism by which the host response to viral infection contributes to the development of chronic pulmonary *P. aeruginosa* infection and provide mechanistic insight into our understanding of nutritional immunity in the lung.

**Supported by:** MRH: NIH 5T32AI060525; JMB: NIH R00HL098342, R01HL123771, P30DK072506, CFF BOMBER14GO.
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**CEFTAZIDIME/AVIBACTAM: A NOVEL ANTIMICROBIAL FOR MULTIDRUG‐RESISTANT ***PSEUDOMONAS*** IN CYSTIC FIBROSIS**

[Atkin, S.D.]{.ul}; Foster, M.L.; Abid, S.; Bose, M.; Keller, A.; Jain, R. *University of Texas Southwestern, Dallas, TX, USA*

**Introduction:** Progressive airway obstruction from chronic inflammation and infection continues to be a leading cause of morbidity and mortality in cystic fibrosis (CF) patients. The rise of multidrug‐resistant (MDR) *Pseudomonas aeruginosa* has sparked an ongoing search for novel antibiotics that can be used in the treatment of CF‐related respiratory infections. Ceftazidime/avibactam (Avycaz) is an antimicrobial agent combining the 3rd generation cephalosporin, ceftazidime, with a non‐β‐lactam β‐lactamase inhibitor, avibactam (Zhanel G, et al. Drugs. 2013;73:159‐77). It was approved for use in the United States in 2015 for intra‐abdominal infections (Chalhoub H, et al. J Antimicrob Chemother. 2015;70:1596‐8). In this study, we test the susceptibility of MDR *P. aeruginosa* sputum isolates collected from CF patients to ceftazidime/avibactam in vitro.

**Methods:** Sputum cultures were collected from 28 CF patients ≥ 18 years of age, known to be colonized with MDR *P. aeruginosa*. All isolates were ceftazidime resistant and demonstrated resistance to \>5 antibiotics routinely used to treat *P. aeruginosa* respiratory infections. Patient demographics, spirometry, and co‐existing organisms cultured were collected. *P. aeruginosa* was isolated from each culture for sensitivity testing against 12 anti‐pseudomonal antimicrobials, including ceftazidime/avibactam susceptibility. The study was IRB approved at the University of Texas Southwestern Medical Center, Dallas, TX.

**Results:** Of the 28 *P. aeruginosa* isolates collected, 17 were sensitive to ceftazidime/avibactam (58.6%) with an average mean inhibitory concentration (MIC) of 4/4. Mean age of patients with sensitive strains was 31.0 ± 8.9 years versus resistant strains 35.3 ± 11.3, p = 0.260. Average FEV1% in the patient cohort was not significantly different between those with isolates sensitive to ceftazidime/avibactam (FEV1% = 39.3) versus those with isolates that were resistant (FEV1% = 39.9), p = 0.927. Of the 17 nonmucoid *P. aeruginosa* isolates, 10 were sensitive to ceftazidime/avibactam (58.8%). Of the 11 mucoid *P. aeruginosa* isolates, 6 were sensitive to ceftazidime/avibactam (54.5%), suggesting a benefit that may be independent of morphotype. Importantly, 20 isolates collected were extensively MDR with resistance to greater than 7 commonly used anti‐pseudomonal antibiotics. Of these, 12 (60%) were sensitive to ceftazidime/avibactam.

**Conclusions:** Ceftazidime/avibactam is a novel antimicrobial agent that demonstrated significant activity *i*n vitro against highly resistant *P. aeruginosa* isolates collected from CF patients. Further understanding of *P. aeruginosa* gene expression that may predict ceftazidime/avibactam resistance and the impact of using this agent in CF patients with MDR *P. aeruginosa* remains to be determined.
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**PAAG15A REMOVES BIOFILMS AGAINST NONTUBERCULOUS MYCOBACTERIA CLINICAL ISOLATES**

[Townsend, S.]{.ul}; Narayanaswamy, V.; Baker, S.; Wiesmann, W. *Synedgen, Inc., Claremont, CA, USA*

**Background:** Limited therapeutic options, enhanced virulence properties, and phenotypic adaptations, such as biofilm formation, contribute to a lack of effective therapies for nontuberculous mycobacteria (NTM) lung biofilm infection, associated with cystic fibrosis (CF). Only recently it was determined that NTM or more specifically *Mycobacterium abscessus* complex (MABSC) strains form biofilms in the CF lung during chronic infection, contributing to rapid clinical deterioration due to chronic inflammation and tissue damage. Thick mucus and biofilm formation in the CF lung can render therapeutics less effective. A series of nontoxic derivatized polyglucosamines shown to be broadly active at dermal and mucosal interfaces encompass a newly developed class of molecules designated poly (acetyl, arginyl) glucosamine (PAAG). Specifically, the PAAG15A derivative is a nontoxic, soluble, biopolymer shown to potentiate a wide range of antibiotics against both gram‐negative and gram‐positive bacteria and to effectively dissolve biofilms, including those of MABSC. The minimal biofilm eradication concentration (MBEC) assay and stationary tissue culture plate biofilm assays were used to examine the removal of biofilms formed by several clinical isolates of MABSC associated with cystic fibrosis, respectively. These studies demonstrate the ability of PAAG15A to disrupt MABSC biofilms with the goal of supporting more effective treatments.

**Methods:** The MBEC assay (Parker AE, et al., J Microbial Methods. 2014;102:55‐64) and stationary biofilm assays were performed using 3 MABSC strains isolated from sputum from cystic fibrosis patients to compare biofilm reduction by PAAG15A. The strains were obtained from the ATCC (19977) and the Cystic Fibrosis Research Center in Birmingham, Alabama.

**Results:** Concentrations of PAAG15A ranging from 50‐200 μg/mL significantly reduced NTM biofilms following once‐daily 10‐minute treatment (p\<0.05). Treatments with 50‐200 μg/mL PAAG15A significantly reduced preformed NTM biofilms in a dose dependent manner after 1‐hour treatment (p\<0.05). The PAAG15A‐treated biofilms had up to 2‐logs less bacteria than untreated biofilms.

**Conclusion:** PAAG15A is an effective antibiofilm agent that facilitates the removal of biofilms in vitro. These studies show that NTM biofilms are removed by PAAG15A in a dose‐dependent manner. The biofilm dissolving activity of PAAG15A may result in more positive therapeutic outcomes, particularly in cystic fibrosis‐related NTM infections.
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**ERM GENE ACTIVITY IN ***M. ABSCESSUS*** COMPLEX DISEASE (MABSC) IN CYSTIC FIBROSIS (CF)**

[Taskar, V.]{.ul}; Drake, T.; Philley, J.; Wallace, R.J.; Griffith, D. *Pulmonary, UTHSCT, Tyler, TX, USA*

**Introduction:** The high morbidity and poor prognosis of patients with CF and MABSC infections remains challenging in spite of advances in CF care. Developing an understanding of patient characteristics, subspecies epidemiology and the presence of the inducible erythromycin methylase gene (*erm* gene) is critical for improving management of these infections.

**Methods:** We conducted a retrospective review of patients with CF and MABSC treated at the University of Texas Health Science Center at Tyler between 2006‐2016. Demographic data, subspecies identification of MABSC and the presence of a functional erm gene and their microbiological response were abstracted.

**Results:** 32 patients were identified. Median age at presentation was 30 (range from 12‐78). There were 14 males and 18 females. 16/32 were double‐ΔF508 (50%). 25/32 had pancreatic insufficiency, 5 were pancreatic sufficient. 10/32 were diabetic. Of the MABSC isolates, 14/32 were subspecies *abscessus,* 3 were subspecies *massieliense*, and the remaining 15 were unknown. 10 patients were coinfected with MAC and 9 with *Aspergillus fumigatus*. A functional erm gene was present in isolates from 15 patients rendering them clarithromycin resistant. Patients received combinations of parenteral imipenem/amikacin/cefoxitin/inhaled amikacin/oral zyvox/clarithromycin for an average of 12 months. 6 patients have died of advanced CF lung disease, 1 received a lung transplant, and the rest are alive and well on or off therapy. The microbiological responses were divided into: group 1) having 3 negative cultures and no positive cultures; group 2) transient negative then positive cultures; group 3) never negative, countable colonies; group 4) persistent smear and culture positivity. The patient distribution within these subgroups is summarized in the Table.

**Conclusions:** Knowing the subspecies of MABSC and presence of a functional *erm* gene is critical in the therapeutic algorithm of MABSC infection in CF. These factors determine the true morbidity of MABSC infection in CF.

**Microbiologic response**
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**DISCREPANCY IN CYSTIC FIBROSIS PATHOGENIC ORGANISMS RECOVERED USING BRONCHOSCOPY VERSUS SPUTUM**

Metcalf, A.; [Riff, E.]{.ul}; Kureshi, S.; Rogers, J. *East TN Children\'s Hospital, Knoxville, TN, USA*

**Background:** At East Tennessee Children\'s Hospital, our patients with cystic fibrosis (CF) routinely undergo bronchoscopy to obtain definitive endobronchial cultures that guide antibiotic therapy. However, the standard practice in many cystic fibrosis centers is to use less invasive procedures; the CF Foundation asserts that there is not enough evidence to recommend bronchoscopy for routine culture and therefore recommends routine oropharygeal (OP) cultures in individuals with CF (Mogayzel Jr, P, et al. Annals of the ATS 2014;11:1640‐50).

**Objectives:** The purpose of this analysis is to provide evidence for the routine use bronchoscopy to obtain definitive endobronchial cultures.

**Methods:** This is a qualitative, retrospective data analysis, using the CFF Patient Registry reporting mechanism. Cultures performed in CF clinic, either via OP swab or sputum, were compared to cultures obtained via bronchoscopy on the same patient. We defined a difference as any discrepancy between the reported cultures collected, including multiple different pathogens found in one incidence counting as one collective difference. Any difference found that would merit an alternate course of treatment based on the bronchoscopic culture versus the sputum or OP culture was designated as a treatable difference.

**Results:** There were a total of 331 incidences analyzed; each incidence includes both cultures collected within 30 days. Results are displayed below in the Table.

**Conclusions:** Based on the results of this data analysis, we feel that continuing the practice of routine bronchoscopy is appropriate and results in better recovery of pathogenic organisms. Not only do we see a high percentage of discrepancy between the cultures obtained in CF clinic and cultures obtained during bronchoscopy, but a majority of those differences are also considered to be clinically significant; ie, the patient would be treated with different antibiotics. There are several limitations in this analysis, however; for example, it is unknown if the patient was exposed to new pathogens or treated with oral antibiotics during the time from clinic visit to bronchoscopy. We feel that a prospective study design is warranted to further determine the validity and significance of these findings in addition to investigating the differences in specific pathogens. In this analysis, the percentage of discrepancy is relatively consistent regardless of age group and the method of initial culture.

**RESULTS**
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**IN VITRO ASSESSMENT OF A NOVEL ANTIVIRULENCE COMPOUND FOR TREATMENT OF ***PSEUDOMONAS AERUGINOSA*** IN CYSTIC FIBROSIS**

[Ballok, A.E.]{.ul} ^1,2^; Rahme, L.^1,2^ *1. Surgery, Massachusetts General Hospital, Boston, MA, USA* *; 2. Microbiology and Immunobiology, Harvard Medical School, Boston, MA, USA*

*Pseudomonas aeruginosa* infections of the CF airway are associated with decreased lung function, increased hospitalizations and shorter lifespan. *P. aeruginosa* is naturally antibiotic resistant, making it difficult to treat with conventional therapies. Furthermore, this pathogen regularly augments its survival strategies by forming surface‐associated groups or aggregates known as biofilms that are highly tolerant to antibiotics. Another strategy involves the formation of metabolically repressed cells that resist antibiotic killing, known as persisters. Hence, complete clearance of *P. aeruginosa* in chronic infections via antibiotic therapy is often impossible. Our group has sought to overcome *P. aeruginosa* antibiotic resistance/tolerance through development of anti‐virulence compounds.

Through a small molecule screen we identified inhibitors of MvfR, the master regulator of a quorum‐sensing pathway that affects virulence factor production, biofilm and persister formation (Starkey M, et al. PLoS Pathog. 2014;10:e1004321). This inhibitor (M64) is fundamentally different from traditional antimicrobial therapies as it specifically targets a quorum‐sensing pathway rather than a basic biological function to limit selective pressure for resistance. Early studies showed that this inhibitor is well tolerated and enhances bacterial clearance in a burn model of infection. The goal of this project is to test whether M64 can reduce airway damage and enhance clearance in chronic pulmonary infections.

To date, we have tested the effects of M64 on airway cells (CFBE and CALU‐3) and found no significant cytotoxicity at therapeutic doses. Airway cell coculture experiments have demonstrated the efficacy of M64 at limiting the cytotoxicity of *P. aeruginosa* grown planktonically, with more dramatic decreases in cytotoxicity seen for *P. aeruginosa* biofilms. Biofilm CFUs were not affected by M64 in this system. Cytokine analyses of the biofilm infections showed strong reductions in IL8 and CXCL1, as well as reductions for IL6 and CXCL2 with M64 treatment.

We also tested M64 efficacy against drug resistant/tolerant pathogens that co‐exist in the lung with *P. aeruginosa* in human infections and similarly form persister cells (*Escherichia coli, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumanii* and *Burkholderia*). These additional species were tested with the inhibitor in mono‐ and poly‐microbial infection settings on airway cells. As expected, the inhibitor showed little to no effect on the virulence of the other species grown either planktonically or in biofilm, demonstrating the specificity of our compound. Importantly, the inhibitor\'s efficacy at reducing *P. aeruginosa* virulence was not diminished by the presence of the other species, suggesting that the polymicrobial nature of CF infections should not be an obstacle for this therapeutic. These studies also revealed interesting interspecies interactions with *P. aeruginosa* in biofilm infections. Our biofilm and polymicrobial infection preliminary results indicate M64 may serve as a valuable therapeutic for the treatment of CF lung infections. Efforts to assess this inhibitor\'s efficacy in vivo are ongoing.
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**CFTR TARGETING DURING ACTIVATION OF HUMAN NEUTROPHILS**

Ng, H.^1^; Valentine, V.^2^; [Wang, G.]{.ul} ^1^ *1. Microbiology, Immunology & Parasitology, Louisiana State Univ. Health Sciences Ctr., New Orleans, LA, USA* *; 2. Department of Medicine, University of Texas Medical Branch, Galveston, TX, USA*

Cystic fibrosis transmembrane conductance regulator (CFTR), a cAMP‐activated chloride channel, plays critical roles in phagocytic host defense. However, how activated neutrophils regulate CFTR channel distribution subcellularly is not well defined. To address this issue, multiple antibodies against different CFTR domains were tested to examine CFTR expression in human peripheral blood neutrophils by flow cytometry. The data confirmed that resting neutrophils had pronounced CFTR expression. Activation of neutrophils in vitro with soluble or particulate agonists did not significantly increase CFTR expression level, but induced CFTR redistribution to cell surface. Such CFTR mobilization correlated with cell‐surface recruitment of formyl peptide receptor during secretory vesicle exocytosis. Intriguingly, neutrophils from ΔF508‐CFTR patients, despite expression of the mutant CFTR, showed little cell‐surface mobilization upon stimulation. While normal neutrophils effectively targeted CFTR to their phagosomes, ΔF508‐CFTR neutrophils had impairment in that process, resulting in deficient hypochlorous acid (HOCl) production. Taken together, activated neutrophils regulate CFTR distribution by targeting this chloride channel to the subcellular sites of activation, and ΔF508‐CFTR neutrophils fail to achieve such targeting, thus undermining their host defense function.
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**FUNGAL INFECTIONS IN PEDIATRIC CYSTIC FIBROSIS LUNG TRANSPLANT PATIENTS**

[Melicoff, E.]{.ul}; Munoz‐Rivas, F.; Dutta, A.; Ebenbichler, M.; Mallory, G.B. *Pediatrics, Baylor College of Medicine, Houston, TX, USA*

**Background:** Fungal isolates in respiratory samples are common in pediatric patients with cystic fibrosis (CF) undergoing lung transplantation. The impact of pretransplant fungal colonization or infection on fungal infection in the posttransplant period is unknown.

**Methods:** We conducted a retrospective chart review of CF patients who received a lung transplant at our institution from 2002 to 2016 to determine the prevalence of fungal lung isolates prior to transplant and their impact on the incidence of invasive fungal infection in the first month after transplantation. Fungemia and graft fungal infection were evaluated after transplantation.

**Results:** Among 86 CF patients who received lung transplantation, 49 (57%) had at least one fungal isolate from respiratory samples (sputum, tracheal aspirate or BAL) prior to lung transplant. The fungi isolated included molds, the most common of which were *Aspergillus fumigatus* (11), other aspergillus species (4), *Scedosporium apiospermum* (3), *Fusarium* (1) and yeasts of which *Candida albicans* was most common (19), other *Candida* species (18) and unspecified yeast (17). 26 had at least two isolates of the same organism and were considered to have persistent infection. Among these, 31 had positive respiratory cultures within 3 months prior to transplant, and 23 had fungal isolation in blood (n=3) and/or lower respiratory tract (n=21) within one month after transplant.

The organism isolated after transplant was identical to the pretransplant isolate in 14 patients; specific organisms included *C. albicans* (7), *C. glabrata* (1), *C. parapsilosis* (1), *Trichosporon* (1), *Penicillium* (1), and unspecified yeast (3). One patient grew *Coccidiodes imitis*, which had not been isolated from the recipient prior to transplant and was presumed to be donor‐derived. Intra‐operative donor bronchial cultures for eight recipients grew *C. albicans* and there was no subsequent growth in the recipient in this group.

There were two deaths during transplant hospitalization attributable to fungal infection, both before 2009. Three other patients had fungemia in the immediate postoperative period without invasive fungal disease. After 2009 when our treatment protocol was changed to treat every lung transplant recipient with an extended course of oral azole treatment and inhaled amphotericin B in the first one to two weeks after surgery, there have been no deaths from invasive fungal disease. The only patient with chronic fungal pulmonary infection was the recipient with coccidiomycosis and she was transplanted before 2009.

**Conclusions:** Invasive fungal infections occurred in 23% of CF patients within one month after bilateral lung transplantation and included two deaths. Recipient and donor fungal colonization/infection prior to transplant is associated with posttransplant fungal disease in CF patients but we were unable to predict risk factors from pretransplant cultures. Fungal cultures collected routinely from the respiratory tract are helpful to assess the risk of posttransplant infection and the selection of peri‐ and post‐operative antifungal regimen in CF lung transplant recipients.
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**GENOMIC AND EVOLUTIONARY ANALYSES OF CLINICAL ***MYCOBACTERIUM ABSCESSUS*** SUBSP. ***MASSILIENSE*** FROM PATIENTS WITH AND WITHOUT CYSTIC FIBROSIS**

[Davidson, R.M.]{.ul} ^1^; Hasan, N.A.^1^; Epperson, L.E.^1^; Vasireddy, S.^2^; Smith, T.^2^; Elliot, B.^2^; Olivier, K.N.^4^; Holland, S.M.^5^; Salfinger, M.L.^3^; Nick, J.A.^3^; Zelazny, A.^6^; Wallace, R.J.^2^; Daley, C.L.^3^; Strong, M.^1^ *1. Center for Genes, Environment and Health, National Jewish Health, Denver, CO, USA* *; 2. Dept of Microbiology, University of Texas Health Science Center, Tyler, TX, USA* *; 3. Dept of Medicine, National Jewish Health, Denver, CO, USA* *; 4. Cardiovascular and Pulmonary Branch, NIH‐NHLBI, Bethesda, MD, USA* *; 5. Laboratory of Clinical Infectious Diseases, NIH‐NIAID, Bethesda, MD, USA* *; 6. Dept of Microbiology Service, Dept of Laboratory Medicine, NIH, Bethesda, MD, USA*

**Introduction:** Epidemiological studies show increasing prevalence of *Mycobacterium abscessus* lung infections, especially in individuals with cystic fibrosis (CF) and adults over 50 with bronchiectasis. Little is known about the genetic variability of the clinical isolate population, and disease transmission is poorly understood. A recent study from the United Kingdom (UK) used whole genome sequencing (WGS) to suggest person‐to‐person transmission of *M. abscessus* subsp. *massiliense* (Mmas) among CF patients (Bryant et al. Lancet. 2013;381:1551‐60). Subsequent work found high genetic relatedness among Mmas isolates from geographically distinct outbreaks of respiratory and soft tissue infections suggesting a dominant circulating clone (Davidson et al. Infect Genet Evol. 2013;20:292‐7; Tettelin et al. Emerg Infect Dis. 2014;20:364‐71). In the current study, we utilized a molecular signature that is present in the outbreak strains, namely two single nucleotide polymorphisms (SNPs) in the *rpoB* gene, for identification of this subtype among non‐outbreak clinical Mmas from non‐CF patients. Then, WGS was performed to explore the genetic diversity and evolutionary history of isolates with the molecular signature compared to prior outbreak strains.

**Methods:** We performed WGS on a Mmas isolate cohort from non‐CF patients representing 11 states in the United States (US; n=41: including 25 non‐outbreak isolates containing the 2‐SNP *rpoB* signature) and compared them to genomes of CF‐derived, outbreak Mmas isolates from the UK (n=27) and Washington (n=3), epidemic soft tissue Mmas isolates from Brazil (n=2) and *M. abscessus* from the US, Europe and Asia (n=23). Using bioinformatics and phylogenomics, we estimated the genetic diversity among the clinical *M. abscessus* population in the core genome (ie, SNPs) and accessory genome, including mobile genetic elements and plasmids.

**Results and Conclusions:** Based on core genome analyses, the majority of non‐outbreak Mmas (18/25=72%) with the 2‐SNP *rpoB* signature clustered into a genetically similar clade that included both outbreak CF as well as non‐CF isolates. However, the Brazilian epidemic isolates and a subgroup of US non‐CF isolates (7/25=28%) fell into distinct lineages outside this cluster. Examination of accessory genome variation suggests a complex evolutionary history of this Mmas subtype that is present in various regions of the world among disparate patient subpopulations. The key difference(s) between outbreak and non‐outbreak Mmas strains remains to be delineated and will be discussed.

Supported by the NTM Center of Excellence and CFF‐funded Colorado CF Research Development Program at National Jewish Health, Potts Foundation, Owens Foundation, and the Amon G. Carter Foundation.
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**SURVEY OF ANTIBIOTIC UTILIZATION FOR TREATMENT OF ***STENOTROPHOMONAS MALTOPHILIA*** INFECTION IN CYSTIC FIBROSIS PATIENTS**

[Pugazhenthi, V.]{.ul} ^1^; Bhakta, Z.N.^1^; Zobell, J.^2^; Young, D.C.^1^ *1. Pharmacy, University of Utah Hospitals and Clinics, Salt Lake City, UT, USA* *; 2. Pharmacy, Intermountain Primary Children\'s Hospital, Salt Lake City, UT, USA*

**Introduction:** *Stenotrophomonas maltophilia* is an emerging opportunistic pathogen affecting cystic fibrosis (CF) patients. The Cystic Fibrosis Foundation (CFF) Patient Registry reported an average annual increase of 1.4% in CF sputum isolates from 2006 to 2012. Colonization with *S. maltophilia* in CF patients has been independently associated with decline in % predicted forced expiratory volume in 1 second, acute pulmonary exacerbation (APE) hospitalizations, lung transplantation, and increased mortality. There are many barriers with *S. maltophilia* treatment, including multidrug resistance requiring a combination of multiple antibiotics. Currently, there are limited published studies and no treatment guidelines to aid clinicians in selecting antibiotics for APEs due to *S. maltophilia* infection.

**Objectives:** The primary purpose of this study was to investigate current antibiotic treatment practices for *S. maltophilia* infection in CF patients at CFF‐accredited care centers in the United States. Secondary objectives included describing the epidemiology of *S. maltophilia* at CFF‐accredited care centers and identifying barriers to treatment.

**Methods:** An electronic survey was designed via SurveyMonkey^®^ and distributed to all CFF‐accredited care centers in the United States, to be completed by the center director or designated representative over a 6‐week period. The survey included questions regarding CF center demographics, incidence of *S. maltophilia* infection, and antibiotics used for its treatment. Specifically, respondents were asked to select the 3 most commonly used antibiotics outpatient and inpatient, dosing strategies, and monitoring parameters.

**Results:** The survey yielded a response rate of 58% (n=70), with participation from 35 states. Responses were for both pediatric (56%; n=39) and adult (44%; n=31) patient populations. In the pediatric population, 97% (n=30) of CFF‐accredited care centers had at least one patient colonized with *S. maltophilia* and 70% (n=21) had 1‐5 new cases in the past year. Similarly, in the adult population, 100% (n=23) of CFF‐accredited care centers had at least one patient colonized with *S. maltophilia* and 74% (n=17) had 1‐5 new cases in the past year. The most commonly used antibiotics in outpatient and inpatient settings were trimethoprim/sulfamethoxazole (88%; n=72), tetracyclines (63%; n=52), levofloxacin (37%; n=30), and ceftazidime (18%; n=15). There was high variability in medications chosen, as well as dosing strategies and monitoring with each individual antibiotic. The most frequently reported barriers to treatment of *S. maltophilia* included lack of research (31%; n=34), antibiotic resistance (28%; n=30), and antibiotic shortages (17%; n=18). Overall, 79% (n=37) of responders stated a need exists for clinical practice guidelines to aid in the treatment of *S. maltophilia* infection.

**Conclusions:** Treatment practices for management of *S. maltophilia* infection in CF patients at adult and pediatric CFF‐accredited care centers are highly variable. This study highlights the need for further clinical research and clinical practice guidelines in CF patients infected with *S. maltophilia*.
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**CF BONE MARROW‐DERIVED MACROPHAGES BEHAVE LIKE WT IN CULTURE**

[Hao, S.]{.ul} ^1^; Mai, W.^1^; Roesch, E.A.^2^; Henderson, L.C.^1^; Eastman, J.^2^; Li, Y.^1^; Drumm, M.L.^2,1^ *1. Genetics and Genome Sciences, Case Western Reserve University, Cleveland, OH, USA* *; 2. Pediatrics, Case Western Reserve University, Cleveland, OH, USA*

The first line of host defense of the airway, the epithelium, can be compromised by the absence of CFTR function. However, it has been challenging to explain how the loss of CFTR function can induce excessive lung inflammation and how the robust inflammatory response cannot defend CF patients from bacterial infection. While CF airway epithelial cells clearly contribute to the proinflammatory environment of the CF airway they do not adequately explain the failure of CF patients\' innate immune response to kill and clear bacteria. Identifying and understanding other relevant components of the innate host defense system and their regulation in CF patients will be beneficial for design and implementation of future therapeutics.

Macrophages are one kind of professional phagocyte that play an important role in innate host defense. Absence of *Cftr* from myeloid‐derived cells leads to impaired resolution of infection and elevated inflammation in mice. Also, increased cell numbers and impaired bactericidal activity of CF macrophages have been reported in both murine and human CF lungs. This suggests that abnormal macrophage function could partially contribute to impaired innate immunity in CF patients.

Mouse bone marrow‐derived macrophages (BMDM) are mature and homogeneous macrophages that can be propagated in culture and are ex vivo models for studies regarding macrophage function. WT and CF bone marrow were isolated from mouse legs and differentiated to macrophages by treatment with MCSF (macrophage colony stimulating factor) and confirmed by staining for F4/80. Tissue (alveolar) macrophages secrete proinflammatory cytokines, and the levels of these mediators have been reported to be significantly higher in CF sources relative to non‐CF tissues. Here we examined IL6, IL1β and CCL3 expression in unstimulated cells and cells exposed to various stimuli and found no difference between WT and CF BMDM in terms of proinflammatory cytokines regardless of stimulation states.

Epigenetic changes have been reported in macrophages in some chronic lung diseases, such as COPD. We performed ChIP‐Seq with H3K27ac, H3K27me3 and H3K4me3 antibodies on both WT and CF bone marrow‐derived macrophages. Our preliminary data showed that there is no obvious difference in any epigenetic modifications with the above antibodies between WT and CF BMDM. Those data will be compared to RNA‐seq profiles to more fully determine if epigenetic profiles are different between CF and non‐CF macrophages. Baseline and stimulated profiles will be compared. The current data imply that the CF macrophage phenotype is acquired upon migration into the lung and thus similar experiments will be performed on mouse alveolar macrophages to provide clues regarding when a macrophage is affected by CFTR\'s absence as well as how and when the epigenome responds.
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**ANALYSIS OF PHARMACOKINETIC MONITORING OF TOBRAMYCIN FOR ADULT HOME INFUSION PATIENTS WITH CYSTIC FIBROSIS**

Burchill, A. *Fairview / U of MN CFC, Minneapolis, MN, USA*

**Introduction**: Recent emphasis of home‐based healthcare in the US has presented unique challenges to clinicians. Methods used in the hospital are often difficult to apply in the home setting. An example is the therapeutic drug level monitoring (TDM) of IV tobramycin in cystic fibrosis patients where currently there exists no standard in the home setting. It was hypothesized that a method of tobramycin TDM tailored to the home setting would improve patient care.

**Methods**: An existing TDM method for home IV tobramycin adult CF patients was assessed for limitations. A new method aimed to mitigate the limitations was devised and implemented. Information was collected from a 12‐month period; 6 months before and after the implementation. The existing TDM method of the first 6 months entailed a home nurse drawing a true trough and a 1‐hour post‐dose "peak." A pharmacist would apply these levels to peak/trough goals. In the latter 6 months, a new TDM method was used entailing a home nurse drawing a random level 2‐8 hours postdose. A pharmacist would then apply, preferentially, inpatient kinetics data or, alternatively, population‐derived kinetics data to the random level to extrapolate a peak and trough which would be applied to peak/trough goals. The Dettli Equation was used for the population‐derived extrapolations. Inpatient half‐lives were tabulated for patients in both groups. Staff was surveyed for their observations/impressions.

**Results**: Initial assessment of the existing TDM method revealed two primary limitations: frequently skewed or undetectable levels and dose/draw scheduling difficulties. Retrospective review of this group showed that of the 242 ordered levels, 20% (49/242) were missed, 193 were drawn from 27 patients with a total of 121 patient‐weeks, 59% (57/96) of troughs were undetectable, another 25% (24/96) of troughs and 8% (8/97) of peaks were suspected to be skewed. A valid peak and trough was extrapolated 6% (15/242) of the time. Retrospective review of the new method group showed that of the 131 ordered levels, 8% (11/137) were missed, 126 were drawn from 28 patients with a total of 131 patient‐weeks, 100% (126/126) of levels were detected, inpatient data were available in 82% (23/28) of patients and a peak and trough was extrapolated 92% (126/137) of the time. When Dettli‐derived data was applied, peaks or troughs were often consistently high or low for individual patients. When Dettli‐derived half‐lives were compared to inpatient half‐lives in 43 patients, the equation had a 99.9% average accuracy but individual accuracies ranged from 50% to 156% with an average of ±17%. Nurse response was entirely in favor of the change citing increased scheduling flexibility and greater patient freedom as the primary reasons. Pharmacist response was mixed citing ability to achieve a peak/trough as favorable but difficulty interpreting results as the primary drawback.

**Conclusions**: A home‐tailored method of tobramycin TDM was implemented and patient care was improved. This is evidenced by fewer missed levels, fewer levels drawn per patient‐week, increased valid peak/trough extrapolations, increased dose/draw scheduling flexibility and increased patient freedom. Further investigation is needed to develop a population‐derived equation with greater individual patient specificity.
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**COMPARISON OF ANTIBIOTIC SUSCEPTIBILITY OF ***PSEUDOMONAS AERUGINOSA*** ISOLATED FROM PATIENTS TWO YEARS PRE‐ AND POST‐IVACAFTOR THERAPY**

Millar, B.C.^1^; McCaughan, J.^2^; Rendall, J.C.^3^; Downey, D.^3^; [Moore, J.E.]{.ul} ^1^ *1. Department of Bacteriology, Belfast City Hospital, Belfast, County Antrim, United Kingdom* *; 2. Department of Microbiology, Belfast Health & Social Care Trust, Belfast, Co. Antrim, United Kingdom* *; 3. Northern Ireland Regional Adult Cystic Fibrosis Centre, Belfast City Hospital, Belfast, United Kingdom*

**Introduction:** Ivacaftor has been shown clinically to be an effective intervention in CF patients with the G551D mutation. Effects on the second host system, namely colonising/infecting bacteria, are largely unknown. However, it is known that bacteria also possess chloride ion channels, but it remains unclear as to the potential interference of ivacaftor on these bacterial chloride channels, potentially manifesting in increased/decreased antibiotic susceptibility. The aim of this observational study was to examine several phenotypic characteristics of *P. aeruginosa* (PA), including antibiotic susceptibility, in patients commenced on ivacaftor (2 years), compared to their microbiology, during the two‐year period preceding ivacaftor therapy.

**Methods:** Archived microbiology‐related data were examined for 16 adult CF patients, two years pre‐ and post commencement of ivacaftor therapy. The following microbiology characteristics were examined: (i) antibiotic treatment (oral and IV/month), (ii) rate of mucoid/non‐mucoid PA isolation, (iii) density of mucoid/mon‐mucoid PA, (iv) antibiotic susceptibility of mucoid/non‐mucoid PA to the antibiotic classes: aminoglycosides (gentamicin, tobramycin and amikacin), β‐lactams (temocillin, ceftazidime, piperacillin/tazobactam, aztreonam, imipenem and meropenem), polymixin (colistin) and fluoroquinolones (ciprofloxacin).

**Results/Discussion:** There was no significant difference between the number of oral antibiotic courses/month before and after ivacafator therapy; 0.10 and 0.07 courses/month, respectively \[p=0.41\], however there was a significant reduction relating to the number of IV treatments/month; 0.09 and 0.01 courses/month, respectively \[p=0.003\]. None of the patients (7/16) who were negative for mucoid PA prior to ivacaftor therapy gained mucoid PA. Approximately one‐fifth of patients (2/9) lost their mucoid PA after treatment and overall there was a significant reduction in both the rate and density of mucoid PA isolation (p=0.02 and 0.003, respectively). There was no significant difference in the rate and density of nonmucoid PA isolation before and after therapy (p=0.95 and 0.25, respectively). Following ivacaftor therapy, the antibiotic susceptibility of total PA isolates was significantly increased for the β‐lactams ceftazidime (p=0.03), piperacillin/tazobactam (p=0.004), aztreonam (p=0.045) and meropenem (p=0.005). For mucoid PA, ceftazidime (p=0.04), was the only antibiotic yielding an increased susceptibility. In the case of no‐mucoid PA, ceftazidime (p=0.03), piperacillin/tazobactam (p=0.002), and meropenem (p=0.02) were the only antibiotics yielding an increased susceptibility.

**Conclusions:** The findings of this study indicate that there is a change in the microbiology of PA isolated from patients following ivacaftor therapy both in terms of phenotypic growth and antibiotic susceptibility to β‐lactams. However, it is not clear as yet why PA has become more susceptible to such β‐lactam agents including a cephalosporin and a carbapenem, which now warrants further investigation.
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**METALLOPROTEINASE INHIBITION REDUCES NEUTROPHIL RECRUITMENT IN A MURINE MODEL OF CHRONIC ***PSEUDOMONAS AERUGINOSA*****

[Bensman, T.]{.ul}; Jayne, J.G.; Trinh, K.; Beringer, P. *Univ Southern California, Los Angeles, CA, USA*

**Background:** Airway neutrophilia is a prominent hallmark of cystic fibrosis (CF) lung disease that has been positively correlated with disease severity. In addition, neutrophil associated proteins (ie, MMP‐9, NE) are instrumental in perpetuating the inflammatory condition. MMP inhibition in vitro has been shown to reduce MMP‐generated matrikines and chemoattractants and therefore may hold therapeutic benefit in diseases such as CF.

**Objective:** To evaluate the therapeutic potential of global MMP inhibition in a murine model of CF airway infection and inflammation.

**Methods:** *Murine respiratory infection model*. Mucoid Pa (RP73)‐impregnated agarose beads (5 x 10^5^ CFU) were intratracheally instilled into the lungs of C57BL/6N mice. Mice received daily, 1 mg/kg intranasal or intraperitoneal (IP) administered TAPI‐2 (N=7), or normal saline (N=8/group). *Lung bacterial burden*. Bacteria in BAL and homogenized lung tissue were quantified 6 days postinfection. *Inflammation burden*. BAL leukocytes and leukocyte populations, body weight, and BAL cytokines were also determined.

**Results:** *Inflammation burden*. IP TAPI‐2 (1.5E5 ± 3.3E4) reduced airway leukocytosis by 66% compared to controls (4.5E5 ± 3.1E4) (p\<0.0001). BAL cell differentials revealed a 51% reduction in neutrophils in IP TAPI‐2 treated mice (20.93% ± 9.7) compared to controls (42.8% ± 10.16) (p\<0.001). There was no difference in airway leukocytosis with IN TAPI‐2 (p=0.8), however there was a 48% increase in airway neutrophils treated with IN TAPI‐2 (84.5% ± 6.3) compared to IN saline control mice (57% ± 7.2) (p\<0.001). Weight change from baseline was not significantly different for IP TAPI‐2 compared with IP control mice, however IN TAPI‐2 mice recovered slower than IN control mice starting at day 3 (p\<0.001) and persisting to day 6 (p\<0.05). BAL IL‐6, MCP‐1, TNF, IL‐17, IL‐1b, KC, MIP‐2, TIMP‐1, and amphiregulin were not different compared to controls. *Lung bacterial burden*. There was no difference in CFUs/lung in both IP and IN TAPI‐2 mice compared to controls.

**Conclusion:** Systemic, but not intransal, TAPI‐2 appears to be beneficial in reducing airway neutrophilia. The potential for metalloproteinase inhibitors such as TAPI‐2 as anti‐inflammatory agents in CF warrants further investigation.

**Acknowledgements:** Supported by CFF (BERING14GO), CFRI (P.M.B.), and NIGM (F31GM109729) (T.J.B.).
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**COLORADO CYSTIC FIBROSIS RESEARCH AND DEVELOPMENT PROGRAM: CULTURE, BIOREPOSITORY, AND COORDINATING CORE**

[Rodger, R.R.]{.ul}; Marola, J.; Daley, C.L.; Nick, J.A.; Salfinger, M.L. *Department of Medicine, National Jewish Health, Denver, CO, USA*

**Introduction:** The association between cystic fibrosis (CF) and nontuberculous mycobacterium (NTM) has become a growing concern among the CF population. Unlike *Mycobacterium tuberculosis*, NTM are found within the environment and historically were not believed to be transmissible from person‐to‐person. However, research has gained interest to further the investigation of transmissibility between CF patients. The Mycobacteriology Laboratory at National Jewish Health (NJH) is a national reference laboratory specializing in the growth detection, identification, and antimicrobial susceptibility testing of NTM. Through a grant from the CF Foundation (CFF), the banking and further characterization of CF NTM isolates nationwide (biorepository) is made possible. Furthermore, these CF NTM isolates are made available to qualified investigators.

**Methods:** All CF NTM isolates at various collection dates, either clinical or research, are accepted into the biorepository. Clinical samples are logged daily by the technical staff upon submission. Furthermore, outgoing CF final reports are recorded to build a comprehensive record of all CF NTM isolates submitted to the laboratory. The CF NTM isolates are recorded, checked for purity, and prepped for isolation of intact genomic DNA and freeze‐down. Pure DNA extractions of single isolated colonies are completed using a Zymo Research Genomic DNA Clean & Concentrator™ kit designed for further analysis via next generation sequencing. Flash freezing methodology is accomplished with the use of dry ice and ethanol. All isolates are frozen down in aliquots of 9 and stored at ‐80°C in a Thermo Scientific TSX Series freezer with V‐drive to assure maximum preservation and availability for future research endeavors.

A biorepository database has been constructed in order to store completed documentation of all CF NTM isolates; including culture and patient information, identification, antimicrobial susceptibility testing (dependent on each submitter\'s clinical requests), geographical location, and whole genome sequencing results. The database is also valuable to catalog frozen aliquot locations for subsequent retrieval of frozen aliquots. This process allows for longitudinal data to be stored among the patients\' isolates as well as geographical locations and healthcare facilities.

**Results:** So far, the NJH mycobacteriology laboratory has obtained approximately 300 CF NTM isolates for the biorepository. Coordination has now started with facilities including those in New York, Texas, Washington, and New Jersey to organize isolate transferals with concerns of NTM clustering or even person‐to‐person transmission relating to CF patients. Isolate inventory is expected to increase at least 60 to 80 cultures per month without additional public attention to the Colorado CF Research and Development Program. As the project gains supporters, expansion of the CF NTM biorepository will progress with the goal of banking all CF NTM isolates nationwide.

Supported by the CFF‐funded Colorado CF Research Development Program at National Jewish Health. For more information visit: <https://www.nationaljewish.org/Colorado-CF-Research-and-Development-Program/Home>.
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**MEK1/2 PATHWAY INHIBITORS PROMOTE MACROPHAGE REPARATIVE PROPERTIES AND REDUCE ACUTE AIRWAY INFLAMMATION**

[Long, M.E.]{.ul}; Eddy, W.E.; Lovelace‐Macon, L.L.; McMahan, R.; Gong, K.; Liles, W.; Manicone, A.M. *Pulmonary and Critical Care Medicine, University of Washington, Seattle, WA, USA*

**Background:** Macrophages have dichotomous roles in promoting and resolving inflammatory responses in the lung, with different activation or polarization states regulating the overall inflammatory response. M1 macrophages (LPS or IFNγ stimulated) have proinflammatory functions while M2 macrophages (IL‐4 and IL‐13 stimulated) promote the resolution of inflammation. While much research has focused on M1 macrophages, less is known about the cellular signaling pathways that regulate macrophage reparative properties. Recent studies demonstrate inhibition of the MEK1/2 pathway reduces macrophage proinflammatory responses to LPS stimulation. However, whether the MEK1/2 pathway functions to regulate the reparative properties of macrophages remains unknown.

**Objective:** Determine whether MEK1/2 inhibitor (MEKi) therapeutic administration reduces infection‐induced lung injury by modulating macrophage function to promote the resolution of inflammation.

**Methods:** Murine bone marrow‐derived (BMDM) and alveolar macrophages (AM) and human monocyte‐derived macrophages (MDM) were used to study the effects of MEKi‐treatment on modulating macrophage M2 gene expression and efferocytosis of fluorescently labeled apoptotic cells. To reveal the contribution of MEKi on acute airway injury in vivo, MEKi or vehicle was administered via intraperitoneal (IP) injection on days 1‐3 postintratracheal challenge with *E. coli* LPS or *P. aeruginosa* strain PAK. Weight loss was monitored to track disease and immune cell populations from the BAL were characterized by flow cytometry or by cytospins at days 2 and 4 postchallenge.

**Results:** We report three distinct observations supporting the hypothesis that MEKi may be used as a therapeutic to promote reparative properties of macrophages and reduce acute airway inflammation. First, MEKi‐treatment of BMDM from either wild‐type or *CFTR*‐/‐ mice increased M2 gene expression in part through increased Stat6 phosphorylation during IL‐4+IL‐13 treatment. Second, MEKi‐treatment increased murine BMDM, AM, and human MDM efferocytosis of apoptotic cells by a mechanism independent of M2 polarization and coinciding with increased macrophage surface expression of proteins that mediate efferocytosis: Mertk, Tyro3, and Abca1. Third, MEKi treatment after LPS challenge significantly reduced airway inflammation and increased weight‐loss recovery compared to vehicle‐treated mice. In addition, MEKi‐treatment following *P. aeruginosa* infection significantly reduced disease compared to vehicle‐treated control mice as determined by weight loss, lung inflammation, and bacterial counts.

**Conclusions and Future Studies:** Our results show that MEKi promotes reparative properties of macrophages and reduces lung inflammation in murine models of lung injury or pneumonia. Our future studies will evaluate the in vivo role of MEKi administration in *CFTR*‐/‐ mice in both LPS challenge and infection models to determine if this is a therapeutic strategy to reduce detrimental airway inflammation.

**Supported by:** NIH T32HL007828 and UW CF Research Development Program to M.E.L.
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**THE RELATIONSHIP BETWEEN IMPLEMENTATION OF THE 2013 CF FOUNDATION INFECTION CONTROL GUIDELINE ON THE INCIDENCE AND PREVALENCE OF PATHOGENIC BACTERIA IN RESPIRATORY CULTURES FROM PATIENTS WITH CYSTIC FIBROSIS**

[Kim, C.]{.ul} ^1^; Welter, J.^1^; delaRiva‐Velasco, E.^1^; Nolan, S.^2^; Paul, L.^3^; Dozor, A.^1^ *1. Ped Pulmonology, NY Medical College, Valhalla, NY, USA* *; 2. Ped Infectious Diseases, NY Medical College, Valhalla, NY, USA* *; 3. Pulmonology, Westchester Medical Ctr, Valhalla, NY, USA*

**Introduction:** The views of the cystic fibrosis (CF) community on optimal infection control practices have evolved over the years. In the past, it was thought that patients with CF rarely acquired organisms from other CF patients. More recent data suggests patient‐to‐patient transmission is possible. There is increasing evidence that implementation of strict infection control practices in CF clinics and inpatient units can decrease the spread of pathogenic bacteria. The 2013 update to the Infection Prevention and Control Guideline for CF reflects this emerging viewpoint on organism transmission in CF. This guideline was instituted at our CF center in August 2014.

**Objective:** To determine the effect of implementation of the new infection control recommendations on incidence and prevalence of pathogenic organisms in patients at one CF center.

**Methods:** In this single center prospective study, quarterly data were obtained on the incidence (proportion of patients with new acquisition) and prevalence (proportion of patients with a culture positive for each organism) of selected pathogenic bacterial organisms commonly found in patients with CF. The four quarters before and after implementation of the new guidelines were compared for statistically significant differences.

**Results:** Respiratory cultures were collected from 147 patients in the year prior to the implementation of guidelines at our center, and from 157 patients in the following year. Annual prevalence rates for common organisms in the year before and after guideline implementation are shown in the Table. Quarterly prevalence and incidence rates were compared for these organisms over the same time period and no significant changes were seen after institution of guidelines.

**Conclusion:** There were no significant differences in the incidence or prevalence of nine common pathogens in the first year after implementation of the new CF Foundation Infection Control Guidelines. Ongoing data collection and analysis are being performed to determine if significant decreases will occur over time. National data analysis is needed to determine if the results of this single center study can be generalized.

**Table. Prevalence of pathogenic bacteria in respiratory cultures at one CF center in the year before and the year after institution of the new infection control guidelines**

![](PPUL-51-S194-g055.jpg "ppul23576-gra-0055")
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**INNATE IMMUNE FUNCTION OF PHAGOCYTIC CELLS IS INHIBITED BY QUINOLONES PRODUCED BY ***P. AERUGINOSA*****

[Gode, C.]{.ul} ^1^; Lanahan, S.^1^; Arend, K.^3^; Monteith, A.^3^; Thurlow, L.^2^; Moorman, N.^3^; Wolfgang, M.^1^ *1. Cystic Fibrosis, University of North Carolina, Chapel Hill, NC, USA* *; 2. University of Pittsburgh, Pittsburgh, PA, USA* *; 3. University of North Carolina, Chapel Hill, NC, USA*

Progressive loss of lung function due to *Pseudomonas aeruginosa* infection is the major cause of morbidity and mortality in cystic fibrosis. *P. aeruginosa* infection is typically concurrent with colonization by oral microbiota and followed by secondary infection with other bacterial and fungal pathogens such as *Burkholderia* and *Aspergillus* species. High‐density *P. aeruginosa* populations such as those found in the CF airways produce significant concentrations of secreted metabolites, including at least 50 quinolone‐based small molecules. One of the most highly abundant of these is HQNO, which is detected at micromolar concentrations in CF sputum. Here we show that physiological levels of HQNO suppress innate immune function. Although the dysfunction in mechanical clearance in the CF airway is well characterized, CF patients also seem to have ill‐defined deficiencies in innate immune cell function as they have difficulty eradicating pathogens from the airway despite the presence of high numbers of phagocytes. Innate immune cells kill extracellular bacteria via phagocytosis and a subsequent oxidative burst in the phagosome through the production of high levels of nitric oxide (NO) and reactive oxygen species (ROS). Phagocytosis and oxidative burst are activated by toll‐like receptor (TLR) signaling in response to pathogens, and activated phagocytes undergo a dramatic metabolic shift in order to generate the energy and reducing potential required to sustain a bactericidal oxidative burst. Stimulation of TLRs by pathogens induces the metabolic shift required by phagocytes to produce NO and ROS through activation of the kinase mammalian target of rapamycin (mTOR). Here we show that treating macrophages with physiological levels of HQNO inhibits oxidative burst and prevents phagocytic killing of *P. aeruginosa*, *Burkholderia multivorans*, and *Staphylococcus aureus*. Our data show that treating macrophages with HQNO prevents the activation of mTOR by TLR agonists. In host cells mTOR is negatively regulated by AMP‐activated kinase (AMPK), which is a central sensor of cellular energy stress through increased AMP:ATP ratio. The primary source of ATP in eukaryotic cells is oxidative phosphorylation in the mitochondrial membrane. As HQNO has previously been described as an inhibitor of mitochondrial respiration, we tested the effect of physiological HQNO concentrations on mitochondrial activity. Our data show that HQNO is a potent inhibitor of mitochondrial activity, causing hyperpolarization of the mitochondrial membrane and subsequent production of reactive oxygen species within the mitochondria indicating loss of mitochondrial function. Finally, we show that mTOR inhibition by HQNO is dependent on AMPK activation. In summary, HQNO induces AMPK activation, thereby inhibiting mTOR activation and bactericidal activity in phagocytes. We propose that HQNO produced by *P. aeruginosa* is a significant contributor to morbidity in CF patients by enhancing the immune defects in CF airways leading to further colonization by *P. aeruginosa* and secondary pathogens.

**402**

*****PSEUDOMONAS AERUGINOSA*** EXOU AUGMENTS NEUTROPHIL TRANSEPITHELIAL MIGRATION**

[Lanter, B.B.]{.ul} ^1,2^; Pazos, M.A.^1,2^; Yonker, L.^2,1^; Hurley, B.P.^1,2^ *1. Pediatrics, Harvard Medical School, Somerville, MA, USA* *; 2. Massachusetts General Hospital for Children, Somerville, MA, USA*

**Background:** Infection by *Pseudomonas aeruginosa,* an opportunistic pathogen that frequently occupies the cystic fibrosis (CF) lung, is associated with lung inflammation that is characterized by the accumulation of neutrophils in the airspace and mucosal tissue damage. Neutrophil migration across the lung epithelium is amplified by leukotriene B4 (LTB4), an eicosanoid produced by neutrophils during the breach of infected mucosa. LTB4 is derived from arachidonic acid, which is produced by the phospholipase A2 (PLA2) activity of cPLA2α. The bacterial toxin ExoU exhibits PLA2 activity as well through a conserved patatin domain.

**Objective:** We hypothesize that ExoU can boost production of LTB4 from neutrophils, thereby amplifying neutrophil transepithelial migration.

**Methods:** Neutrophils were isolated from blood drawn from healthy human subjects. Epithelial barriers comprised of the H292 lung epithelial cell line were infected on the apical side with PA14, PA14ΔExoU, PA01v‐PucP or PA01v‐ExExoU. Neutrophil migration was measured across the epithelial barrier, from basolateral to apical side via myeloperoxidase assay. LTB4 levels in the apical supernatant liquid were determined via ELISA. Multiple assays were conducted to evaluate the cytotoxic effect of ExoU on H292 epithelial barriers. Neutrophils were pretreated with various inhibitors of key enzymes along the host LTB4 synthetic pathway and subjected to migration across H292 barriers infected with ExoU(+) or ExoU(‐) strains.

**Results:** Greater neutrophil migration across the epithelial barrier was observed when the epithelium was infected with the ExoU(+) strains when compared to genetically matched ExoU(‐) strains. Increased neutrophil migration associated with ExoU correlated to higher levels of LTB4 (\>2‐fold for PA01V‐ExExoU; \>6‐fold for PA14) in the epithelial apical supernatant. Epithelial barrier integrity and cell viability were not impacted by the presence of ExoU during the 1 hour infection incubation. Treatment of neutrophils with inhibitors of multiple enzymes along the host LTB4 synthetic pathway impaired both LTB4 synthesis and neutrophil migration when the epithelium was infected with PA strains lacking ExoU. Infection of epithelium with PA strains expressing ExoU also exhibited inpairment in neutrophil LTB4 synthesis and migration after subjection to inhibitors of LTB4 synthetic enzymes, however, this was the case only for enzymes downstream but not upstream of host cPLA2α.

**Conclusion:** ExoU augments neutrophil production of LTB4 through its PLA2 activity, potentially exacerbating the immune response. This study furthers the understanding of transepithelial lung neutrophil trafficking, and can aid in limiting the inflammatory pathophysiology through future therapeutic approaches.
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**EXPLORING EFFLUX PUMPS AS NEW THERAPEUTIC TARGETS IN NONTUBERCULOUS MYCOBACTERIA TO INHIBIT INTRACELLULAR GROWTH AND COUNTERACT DRUG TOLERANCE**

Galitan, L.^1^; [Hernandez, R.E.]{.ul} ^1,2^ *1. Center for Global Infectious Diseases Research, Seattle Children\'s Hospital, Seattle, WA, USA* *; 2. Pediatrics, Univ of Washington, Seattle, WA, USA*

**Background and Rationale:** Nontuberculous mycobacteria (NTM), including *Mycobacterium avium* complex (MAC) and the rapidly growing *M. abscessus* group (MABSC) are diverse environmental organisms that are increasingly recognized as pathogens in individuals with underlying conditions, including cystic fibrosis (CF). Treatment of NTM lung disease is challenging, with limited numbers of active antibiotics and requirements for long courses of potentially toxic drugs. New strategies are desperately needed to improve efficacy of treatment regimens. Recent research with the related mycobacterial pathogen, *M. tuberculosis* (MTB) has demonstrated that expression of bacterial efflux pumps by MTB within macrophages contributes to both intracellular survival and antibiotic tolerance. Furthermore when verapamil (VER), which acts as an efflux pump inhibitor, is added to standard regimens in an MTB mouse model, it can shorten duration of treatment and reduce risk of relapse. These results in MTB led us to ask whether efflux pumps can serve as a new target for treatment of NTM pathogens.

**Objectives:** Our work in this area seeks to answer the following: i) Do efflux pumps contribute to intracellular survival of NTM pathogens? ii) Will inhibition of efflux pumps with verapamil (VER) increase effectiveness of available antibiotics by either counteracting constitutive antibiotic resistance due to efflux or inhibit macrophage‐induced tolerance?

**Results and Conclusions:** Based on available reference genomes many efflux pumps are conserved between MTB and NTM. Of MTB macrophage‐induced efflux pumps, 69% demonstrate orthologs in both MAC and MABSC groups. To determine whether VER can inhibit intramacrophage growth of NTM species we infected THP‐1 macrophages and then treated infected cells with VER for 48h. VER reduced the colony forming units (CFU) of the MAC101 reference strain in THP‐1 cells by nearly 10 fold (1 log), but effects observed on multiple CF patient MAC and MABSC strains were more variable, with some strains showing no effect and others demonstrating only subtle decreases in CFU. We also used broth microdilution to determine MICs for multiple antibiotics in the absence and presence of efflux pump inhibitors and did not see significant shifts in the MICs suggesting that VER cannot counteract intrinsic resistance to these antibiotics. We are currently using a THP‐1 infection model to determine whether NTM pathogens develop macrophage‐induced tolerance, and if so whether VER can inhibit this tolerance. Preliminary results suggest that MABSC develops tolerance to amikacin and clarithromycin, and that VER may partially counteract tolerance to clarithromycin but not amikacin.
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**A METABOLOMICS APPROACH TO THE STUDY OF INTERACTIONS BETWEEN BACTERIAL ISOLATES FROM CYSTIC FIBROSIS SPUTUM**

Phan, J.; [Whiteson, K.]{.ul} *Molecular Biology and Biochemistry, University of California, Irvine, Irvine, CA, USA*

Cystic fibrosis (CF) is a genetic disease that causes buildup of thick mucus in the lungs and airways of patients, leading to prolonged infection. Before the widespread use of antibiotics later in the 20th century, patients succumbed to infections from *Staphylococcus* spp., *Streptococcus* spp., and other common members of the oral microbiota. Now, life expectancy has grown dramatically, and CF patients develop persistent infections with slow‐growing, antibiotic‐resistant gram‐negative bacteria such as *Pseudomonas aeruginosa* and *Burkholderia* spp. Elucidating the available nutrients and the interactions between bacterial strains within the polymicrobial communities in the airways is essential for understanding persistent infections and patient outlook. We are interested in studying the metabolic interactions and nutrient flow between our clinical isolates *Pseudomonas aeruginosa* and *Rothia mucilaginosa*, dominant and long‐term residents of the CF polymicrobial community. By performing gas chromatography mass spectrometry (GC‐MS) on mono‐ and co‐cultures, we were able to characterize molecules present in the interaction between our two clinical isolates. *R. mucilaginosa* produces metabolites consumed by *P. aeruginosa*, and may provoke the production of toxic molecules. For example, fermentation products such as 2,3‐butanedione provoke *P. aeruginosa* to produce more phenazines, which are toxic and can generate reactive oxygen species in the presence of oxygen, and may also act as an alternative electron acceptor in a low oxygen environment. A combination of metabolomics data and hypothesis‐driven experiments to better understand the interaction between *P. aeruginosa* and *R. mucilaginosa* will be presented.

**405**

**THE ROLE OF BACTERIAL MUCIN DEGRADATION IN THE PROGRESSION OF CHRONIC AIRWAY INFECTIONS**

Hunter, R.C. *Microbiology, University of Minnesota, Minneapolis, MN, USA*

The ecological dynamics of CF lung microbiota play a critical role in the progression of airway disease. While interactions between canonical lung pathogens (eg, *Pseudomonas aeruginosa* and *Staphylococcus aureus*) have been described in detail, the ecological role of anaerobic microorganisms in the lower airways, and their influence on CF disease progression is relatively unknown.

**Objective:** To determine the influence of mucin‐degrading and mucin‐fermenting anaerobes in the growth and pathogenicity of *P. aeruginosa* both in vitro and in vivo.

**Methods:** Purified mucins were used as a sole carbon substrate to assess the ability of *P. aeruginosa* to utilize respiratory secretions as a carbon source in the presence and absence of mucin‐degrading bacteria. RNA sequencing was then used to monitor in vivo bacterial gene expression as a proxy of mucin utilization. Finally, a Calu‐3 epithelial cell line model was used to determine the ability of *P. aeruginosa* to colonize the airway mucosal interface in the presence of mucin degrading bacteria (eg, *Prevotella, Veillonella*). Multiplexed immunoassays were also used to test whether these anaerobes stimulate *P. aeruginosa* virulence factor production, which in turn elicits a heightened host immune response.

**Results:** Clinical isolates of *P. aeruginosa* were unable to grow when provided mucins as a lone carbon source, except when grown in co‐culture with mucin‐fermenting bacteria, suggesting that anaerobic bacteria are critical for *P. aeruginosa* growth in vivo. RNAseq (transcriptomic) analysis of co‐cultures of anaerobes+*P. aeruginosa* also revealed a similar gene expression profile to sputum samples, suggesting that in vitro nutritional interactions between these two populations also occur within the airways. In addition to nutritional interactions, we used a Calu‐3 epithelial cell line model to demonstrate that anaerobes stimulated the colonization of the lung epithelium by *P. aeruginosa* (10‐fold, relative to *P. aeruginosa* alone) as a result of mucin degradation. Finally, multiplexed immunoassays revealed increased inflammatory activity (IL‐6, IL‐8, TNFa; p \< 0.01) by Calu‐3 cells in response to *P. aeruginosa* + anaerobic bacterial communities, relative to *P. aeruginosa* in monoculture or an anaerobic bacterial community alone.

**Conclusions:** Together, these data implicate a central ecological role for anaerobic, mucin‐degrading bacteria in the colonization of the lower airways by *P. aeruginosa* and its influence on the host. These results motivate future studies targeting bacterial mucin fermentation as a potential therapeutic strategy to help delay the onset of *P. aeruginosa* colonization and alleviate the progression of CF lung disease.
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**DETECTION OF HIGH LEVELS OF ***BURKHOLDERIA CONTAMINANS*** PERSISTER CELLS IN CYSTIC FIBROSIS PATIENTS WITH CHRONIC LUNG INFECTION**

[Bosch, A.]{.ul} ^1^; Leguizamon, M.^1^; Prieto, C.^1^; Martina, P.^2^; Bettiol, M.^3^; Palau, M.^3^; Renteria, F.^4^; Diez, G.^4^; Montanaro, P.^5^; León, B.^1^; Vignolles, F.^1^; Casco, D.^1^; Figoli, C.^1^; Yantorno, O.^1^ *1. CINDEFI‐CONICET, Facultad de Ciencias Exactas, Universidad Nacional de La Plata, La Plata, Buenos Aires, Argentina* *; 2. Facultad de Ciencias Exactas, Quimicas y Naturales, Universidad Nacional de Misiones, Misiones, Misiones, Argentina* *; 3. Sala de Microbiología, Hospital de Niños "Sor Maria Ludovica", La Plata, Buenos Aires, Argentina* *; 4. Servicio de Neumonología, Hospital de Niños "Sor María Ludovica", La Plata, Buenos Aires, Argentina* *; 5. Servicio de Microbiología, Hospital Santísima Trinidad de Córdoba, Córdoba, Córdoba, Argentina*

Among the *Burkholderia cepacia* complex species, *B. contaminan*s represents the most frequently recovered from patients with cystic fibrosis (CF) in Argentina (1). Although for some patients *B. contaminans* respiratory tract infection is transient, its acquisition most typically results in a chronic infection with a gradual decline in lung function (2). It was recently reported for *B. cenocepacia* J2315 (belonging to the ET12 lineage) that the "*Burholderia cepacia* epidemic strain marker" (BCESM) genomic region located on the genomic island (GI) BcenGI1, contains an operon (BCAM0257‐8‐9) possibly involved in persistence, quorum sensing expression, and virulence (3).

We here aimed to study a possible relation between persistence and establishment of *B. contaminans* chronic infection, and the presence of genes associated to the genomic island BcenGI11, which was not reported for this species, so far. For this purpose, we analyzed 145 *B. contaminans* isolates recovered from 51 patients attended in the period 2004 -- 2015 in 3 different CF reference centers of Argentina. Persister cells in 24‐h old biofilms exposed to ciprofloxacin concentrations of 4 and 128 × the MIC was quantified. The BCESM and the BCAM0257‐8‐9 regions were detected by PCR ‐ using *B. cenocepacia* specific primers ‐ and sequenced.

The percentage of persister cells was between 5% and 10% for *B. contaminans* isolates recovered from chronic lung infections in contrast to less than 2% of persistors for isolates obtained from transient infections. Interestingly, 100% of the chronically infected patients (37 patients) and the 28.6% of the patients with transient infections (4 out of 14 patients) harbored both the BCESM and the BCAM257‐9 regions. Sequence analysis showed that the amplification products of these regions had an identity of 93% and 95% with those of *B. cenocepacia* J2315, respectively. These results showed the presence of the operon contained in the BCESM region might be responsible for the emergence of persistors and therefore the difficulties in the eradication of *B. contaminans* chronic infection.

**References:**

1\. Martina, et al. J Clin Microbiol. 2013;51:339‐44

2\. Martina, et al. Internat J Med Microbiol. 2014;304:1182‐91

3\. Van Acker, et al. Future Microbiol. 2014;9:845--60
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**HUMAN RESPIRATORY EPITHELIAL CELLS INHIBIT ***A. FUMIGATUS*** GERMINATION THROUGH PI3KINASE ACTIVATION**

[Balloy, V.]{.ul} ^1,2^; Latgé, J.^3^; Guillot, L.^1,2^; Corvol, H.^1,2,4^; Chignard, M.^1,2^ *1. UMR_S 938,CDR St‐Antoine, INSERM, Paris, France* *; 2. UPMC Univ Paris 06, UMR_S 938, Sorbonne Universités, Paris, France* *; 3. Unité des Aspergillus, Institut Pasteur, Paris, France* *; 4. Pneumologie Pédiatrique, AP‐HP, Hôpital Trousseau, Paris, France*

**Introduction:** Allergic bronchopulmonary aspergillosis is a lung disease caused by *Aspergillus fumigatus* (*A.f*) with a prevalence of 2% to 15% in people with cystic fibrosis. The role of respiratory epithelial cells (REC) in the clearance of *A.f* has been poorly studied. In the present study we observed that REC display the property of inhibiting mycelium development of *A.f*.

**Methods:** Wild‐type (WT) bronchial cell lines (BEAS‐2B and 16HBE) and a CFTR‐deleted cell line (CFBE) were infected with *A.f* for 15 hours. The growth of the fungus was estimated by optical microscopy observation and measurement of galactomannan production in the extracellular media. The role of PI3 kinase was evidenced by the use of the specific inhibitor LY294002 (30 μM).

**Results:** We observed that most of the spores incubated in contact with WT REC did not germinate as opposed to spores incubated in the absence of cells. The fungal growth, quantified by measuring galactomannan production, was 4.5 lower in the presence of cells. This anti‐*Aspergillus* activity was inhibited when cells were incubated with LY294002, indicating the involvement of the PI3 kinase pathway. Of note, inhibitors of p38 MAP kinase and ERK1/2 were inactive. We also observed that this anti‐fungal activity was not released in the extracellular medium but that the number of conidia binding to REC was decreased in the presence of PI3K inhibitor. It is of importance to note that CFBE cells were not able to inhibit the germination of the conidia.

All those observations led us to hypothesize that a "receptor" with a PI3K‐dependent expression could be involved in this anti‐fungal activity. To validate this hypothesis, we compared the transcriptomic analysis of BEAS‐2B incubated or not with LY294002 and infected with *A.f* during 0, 2 and 4 h. By comparing gene expression for each time point of infection, we identified 6387, 6926 and 9044 differentially expressed genes at 0, 2 and 4 h post‐infection, respectively. We focused on the 2408 down‐regulated genes commonly expressed at each time point of infection. Bioinformatic analysis and classification of the genes according to their protein class revealed 29 categories, among which there was a "defense/immunity protein" category and a "receptor" category. We focused first on the 15 common genes belonging to those two families. We identified 73% of G‐protein coupled receptor. We have already validated the expression of some of these genes. The next step will be to look for their expression in CFBE cells. Genes down‐regulated both in the CFBE cell line and by LY294002 will be selected. Their role in the anti‐fungal activity will be searched in *A.f* ‐infected WT REC by decreasing their expression with specific siRNA.

**Conclusion:** Unlike CFTR‐deleted REC, WT REC play a role in the morphologic transition of *A.f* from conidia into the filamentous form and as such potentially prevent its dissemination. Those results could explain *Aspergillus* colonization of the airway of cystic fibrosis patients.

Funding: This work was supported in part by a grant from Vaincre la Mucoviscidose.

**PULMONARY**
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**LONGITUDINAL MONITORING OF DISEASE PROGRESSION IN CHILDREN WITH MILD CF USING 3‐HELIUM MRI AND LCI**

Smith, L.^1,2^; Aldag, I.^1^; Hughes, P.^2^; Horn, F.^2^; Marshall, H.^1^; Norquay, G.^2^; Collier, G.^2^; West, N.^1^; Hughes, D.^1^; Taylor, C.^1,2^; [Horsley, A.R.]{.ul} ^2,3^; Wild, J.^2^ *1. Sheffield Childrens Hospital, Sheffield, United Kingdom* *; 2. Academic Department of Radiology, University of Sheffield, Sheffield, United Kingdom* *; 3. Manchester Adult CF Centre, University of Manchester, Manchester, United Kingdom*

**Background:** FEV~1~ is insensitive to early changes in lung disease in CF. Hyperpolarised gas ventilation MRI (HP‐MRI) allows direct visualisation of small defects and is more sensitive than FEV~1~, CT and the lung clearance index (LCI) at detecting early lung disease in CF. We hypothesised that HP‐MRI would be able to monitor disease progression with time and that HP‐MRI metrics would be more sensitive to longitudinal change than LCI or spirometry.

**Aim:** To assess changes in lung disease using HP‐MRI, LCI and spirometry in a group of children with mild CF at 2 year intervals.

**Methods:** The original cohort consisted of 19 CF children (\>5years) assessed with HP‐MRI, LCI, full lung function and CT. To date, 8 have been assessed on a second occasion, after 2 years. All children followed up had mild CF and with an FEV~1~ \>‐1.64 z‐score at baseline.

**Results:** FEV~1~ did not change significantly over 2 years: mean(SD) baseline FEV1 ‐0.1 (0.8) vs ‐0.4 (0.8), p=0.7. 2/8 subjects had an abnormal LCI at baseline. At 2 years, LCI had increased significantly and 6/8 subjects had an abnormal LCI: mean(SD) baseline LCI 7.1(0.6) vs 8.4(1.3), p=0.02. All subjects had ventilation defects evident on HP‐MRI at baseline, which significantly worsened at 2 years. Mean(SD) unventilated volume % was significantly increased at follow‐up: 4.5(2.1) vs 13.5(5.1)% p=0.002. The coefficient of variance (inter‐voxel ventilation heterogeneity) was also significantly increased: 13.8(1.9) vs 16.6(1.8)% p=0.03. The Figure demonstrates comparative HP‐MR images at baseline and 2 years of a single representative subject alongside the corresponding lung function scores.

**Conclusion:** HP gas ventilation MRI is capable of detecting subclinical lung disease in well children with CF. HP‐MRI is more sensitive at detecting longitudinal lung function deterioration than both LCI and FEV~1~.

![](PPUL-51-S194-g056.jpg "ppul23576-gra-0056")

**Figure:** Example of paired HP‐MRI scans of lungs of child with CF at baseline and after 2 years. Corresponding lung function measurements shown below lung images.
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**REPEATABILITY OF LUNG CLEARANCE INDEX (LCI) IN CLINICALLY STABLE PATIENTS WITH MILD CYSTIC FIBROSIS (CF)**

[Horsley, A.R.]{.ul} ^1,2^; Shawcross, A.^1,3^; Gilchrist, F.^4^; Dale, C.^2^; Oladapo, M.^3^; Maitra, A.^3^; Cunningham, S.^5^; Jones, A.^2^; Smith, J.^1^ *1. Centre for Respiratory Medicine and Allergy, University of Manchester, Manchester, United Kingdom* *; 2. Manchester Adult CF Centre, Manchester, United Kingdom* *; 3. Paediatric Respiratory Medicine, Royal Manchester Children\'s Hospital, Manchester, United Kingdom* *; 4. Academic Department of Child Health, Royal Stoke University Hospital, Stoke, United Kingdom* *; 5. Royal Hospital for Sick Children, Edinburgh, United Kingdom*

**Background:** Lung clearance index (LCI) is a sensitive measure of early airway change in CF derived from multiple breath inert gas washout. In order to be clinically useful however, a better understanding is required of its variability in the short‐medium term. This is an important step in determining the minimal clinically significant difference in LCI. LCI‐SEARCH is a longitudinal study of LCI in children and adults, where LCI is measured at each clinical review using a portable closed‐circuit washin system (<http://www.lci-search.com>). Here we report initial LCI repeatability from the adult cohort, from repeat measurements within 6m taken at times of clinical stability.

**Methods:** LCI measurements were performed in triplicate using a closed‐circuit washin method on an Innocor gas analyser (Horsley AR, et al. ERJ Open Res. 2016;2:0053‐2015). Adult patients in the LCI‐SEARCH cohort (n=40) were reviewed for this analysis. LCI measurements were performed in triplicate at all visits and final result quoted as mean of at least 2 acceptable repeats. Most recent paired LCI measurements were included if within 6m of each other and if patient was both deemed clinically stable by reviewing physician, and scored no more than +1 (out of 4) on a respiratory symptom score. Repeatability was assessed by Bland‐Altman analysis.

**Results:** Of 40 subjects, paired data that fitted inclusion criteria were available on 21 (7 subjects had completed only 1 assessment, 1 withdrawn, 11 clinically unstable). These 21 subjects (14 male) had completed a median of 5 LCI measurements each (range 2‐11), a median of 84 (range 42‐189) days apart. Mean age was 28y, mean FEV~1~ 82% predicted, 11 pancreatic sufficient, 11 had never had *Pseudomonas* infection.

Mean (SD) LCI at visit 1 was 8.68 (2.96) vs 8.73 (2.81) at visit 2 (p=ns). Median coefficient of variation for LCI was 3.9 (visit 1) and 4.2% (visit 2). Mean change in LCI between visits was 0.05, or 1% of baseline LCI. Limits of agreement (LOA) were ‐1.1 (‐13.7)% to 1.0 (11.6)% of baseline LCI. In this very mild cohort 7 patients had normal LCI (\<7); exclusion of these did not substantially alter LOA (‐13.9 to 13.1%). There was greater variability in FRC: mean bias ‐1.5% of baseline (LOA 30 to ‐33%).

**Conclusions:** Even in this very mild cohort of CF adults, patients are frequently unwell or more symptomatic at routine review. Within‐visit repeatability was good, and similar to previous reports. When clinically stable, LCI variability over a period of up to 6m was within approximately ±10%. Addition of more adult as well as paediatric data to this assessment will widen the applicability of these confidence intervals.

Supported by NIHR CS012‐13.
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**CLINICAL OUTCOMES OF PULMONARY EXACERBATION EVENTS TREATED WITH ORAL ANTIBIOTICS**

[Stanojevic, S.]{.ul} ^1^; McDonald, A.^1^; Waters, V.J.^1^; Horton, E.^1^; McDonald, S.^1^; Tullis, E.^2^; Ratjen, F.^1^ *1. The Hospital for Sick Children, Toronto, ON, Canada* *; 2. St. Michael\'s Hospital, Toronto, ON, Canada*

**Background:** Oral antibiotics are often used to treat pulmonary exacerbations in patients with cystic fibrosis (CF). While pulmonary exacerbations treated with oral antibiotics usually do not lead to hospital admission and may be classified as milder, they may affect long‐term clinical outcomes. Despite extensive knowledge regarding the effect of pulmonary exacerbations treated with intravenous (IV) antibiotics on clinical outcomes in cystic fibrosis (CF), there is less known about the impact of pulmonary exacerbations treated with oral antibiotics (oPEx).

**Methods:** This was a retrospective cohort study of CF patients followed at the Hospital for Sick Children and St. Michael\'s Hospital from 2009‐2014. A pulmonary exacerbation was defined as a clinical event treated with antibiotics for a respiratory cause. Patients were included in the study if they had received either oral antibiotic treatment for a pulmonary exacerbation (oPEx) or IV antibiotic treatment for a pulmonary exacerbation (iPEx); patients treated with both were considered as in the IV‐treated group. We evaluated the proportion of oPEx events in which 100% or 90% of baseline forced expiratory volume in 1 second (FEV~1~) % predicted was recovered at the end of treatment. Baseline was defined as the best measurement in the 6 months prior to each event, provided the patient was not receiving treatment at the time of measurement. We then examined the association of oPEx with FEV~1~ % predicted decline and body mass index (BMI) Z‐score decline with age using a mixed effects model with random intercepts.

**Results:** From 2009 to 2014, 768 patients were followed in the Toronto CF database; 71% of the CF population had at least one oPEx during the study period. There were a total of 2,608 oPEx events in 570 subjects during the study period. Overall pulmonary symptoms were treated with oral antibiotics nearly 4 times more often than with IV antibiotics. In over half of oPEx events, lung function was already at 90% or higher of baseline FEV~1~ at the initiation of oral antibiotic therapy. While the majority had recovered lung function at follow‐up, 18% of patients did not return to 90% or higher of baseline FEV~1~. After adjusting for known risk factors of lung function decline, an increasing number of oPEx events was independently associated with FEV~1~ decline. When we grouped the events into tertiles, those with \>6 oPEx events had steeper lung function decline (‐0.63% predicted/year (95% CI ‐0.97; ‐0.5) compared with those with 0‐3 oPEx events (‐0.37%/year (95% CI ‐0.5; ‐0.3) (p\<0.001)). oPEx events were not independently associated with changes in BMI over time.

**Conclusions:** We found that a greater number of oPEx events, independent of iPEx events, was associated with lung function decline in CF patients and that a significant proportion of patients treated with oral antibiotics for exacerbations did not recover baseline lung function.
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**CLINICAL OUTCOMES ASSOCIATED WITH ***ACHROMOBACTER*** SPECIES INFECTION IN PATIENTS WITH CYSTIC FIBROSIS**

[Somayaji, R.]{.ul} ^1^; Stanojevic, S.^2,4^; Tullis, E.^3,4^; Stephenson, A.^3,4^; Ratjen, F.^2,4^; Waters, V.J.^2,4^ *1. University of Calgary, Calgary, AB, Canada* *; 2. The Hospital for Sick Children, Toronto, ON, Canada* *; 3. St Michael\'s Hospital, Toronto, ON, Canada* *; 4. University of Toronto, Toronto, ON, Canada*

**Rationale:** Microbial epidemiology in cystic fibrosis (CF) airways has become increasingly complex as novel pathogens are identified. *Achromobacter* species are opportunistic bacterial pathogens for which clinical outcomes remain poorly understood.

**Objective:** To determine the association of *Achromobacter* sp. infection with clinical outcomes in cohort of CF patients.

**Methods:** A retrospective longitudinal cohort study of pediatric and adult patients with CF followed between 1997 -- 2014 at the Hospital for Sick Children and St. Michael\'s Hospital (Toronto, Canada) was conducted. *Achromobacter* sp. infection was categorized in a time‐varying manner as no history of infection, intermittent infection (minimum 1 positive culture), and chronic infection (≥ 2 positive cultures) in the preceding 12 months. Generalized estimating equation models were used to assess whether over time, the rate of lung function decline or rate of pulmonary exacerbations treated with intravenous (IV) antibiotics differed by *Achromobacter* sp. category. Cox proportional hazard models were used to estimate the risk of death or transplantation. Covariates included age, sex, body mass index, pancreatic insufficiency, forced expiratory volume in 1 second (FEV~1~) % predicted, CF‐related diabetes, number of PEx, and airway infections with *P. aeruginosa, Burkholderia cepacia* complex, and methicillin‐resistant *Staphylococcus aureus* were investigated using a step‐wise approach.

**Results:** There were 1209 patients (55.1% male) followed over the 18‐year study period; 92 (7.6%) patients had at least one positive culture for *Achromobacter* species. Patients with *Achromobacter* infections had a greater prevalence of co‐infection with *P. aeruginosa* (21.7% vs 17.6%, p \< 0.001), lower proportion with mild mutations (5.4% vs 12.9%, p = 0.03), and a trend to lower baseline FEV~1~% predicted (61.3% vs 67.3%, p = 0.56) than the total cohort. Infection with *Achromobacter* sp. was not associated with either rate of lung function decline, or rate of pulmonary exacerbations. Conversely, chronic *Achromobacter* infection was associated with a significantly greater risk of death or lung transplantation compared to patients with no history of infection (unadjusted HR 3.22 \[95% CI, 1.89 -- 5.54\], p \< 0.001). This remained significant after adjusting for known confounders as above (adjusted HR \[2.22 \[95% CI 1.09 -- 4.15\], p = 0.028). No increased risk of death or transplantation was noted in those with intermittent *Achromobacter* infection (adjusted HR 0.72 \[95% CI, 0.44 -- 1.17\], p = 0.18).

**Conclusion:** Chronic *Achromobacter* infection was associated with an increased risk of death or lung transplantation, but not accelerated lung function decline or pulmonary exacerbations. Given the increased mortality risk, further studies of the optimal treatment strategies for *Achromobacter* sp. infections in CF patients are needed.

R. Somayaji is supported by a CF Canada clinical/research fellowship.
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**RESPIRATORY VIRAL PATHOGENS AND CYSTIC FIBROSIS (CF) PULMONARY EXACERBATIONS: A POPULATION‐BASED COHORT STUDY**

[Somayaji, R.]{.ul} ^1^; Ortiz, J.R.^2^; Neradilek, M.B.^3^; Khan, U.^2^; Goss, C.H.^2^ *1. Univ of Calgary, Calgary, AB, Canada* *; 2. Univ of Washington, Seattle, WA, USA* *; 3. The Mountain‐Whisper‐Light, Seattle, WA, USA*

**Rationale:** Progressive pulmonary disease punctuated by infective exacerbations is the primary cause of morbidity and mortality in CF. Although classic bacterial pathogens have traditionally been thought to be the major cause of lung disease progression, respiratory viral pathogens have been increasingly identified in association with pulmonary exacerbations (PEx) (Wat D, et al. J Cyst Fibros. 7;320‐8; Wang EE, et al. NEJM. 1984;311:1653‐8). Further characterization of the clinical effect of respiratory viral pathogens on CF pulmonary disease is needed.

**Objective:** To determine the association of influenza and respiratory syncytial virus (RSV) with risk of PEx in children and adults with CF in the United States.

**Methods:** We conducted a cohort study from 2003 through 2009 using the CF Foundation (CFF) Patient Registry merged with CDC Virus Surveillance data on influenza and RSV positivity in children and adults with CF. We used monthly influenza and RSV surveillance data from each US census region. Prior studies in CF using these data sets did not link individual patients to regional viral detection data or adjust for individual characteristics. The primary outcome was the relationship between influenza or RSV positivity (per 10%) with risk of PEx defined as a respiratory illness requiring hospitalization or home intravenous antibiotics. We fit multivariable Poisson regression models to estimate risk of PEx adjusting for demographic and clinical predictors and stratified for adults (≥ 18 years) and children (\< 18 years). The models included covariates for sex, age, race, genotype, insurance, pancreatic insufficiency, body mass index, forced expiratory volume in 1 second % predicted, and seasonality.

**Results:** In 2003, there were 21,506 patients (51.8% male) in the CF patient cohort composed of 12,702 children (mean age 9.5), and 8,320 adults (mean age 28.7). Review of 2003 test data indicated regional and seasonal variability in the number of influenza and RSV detections and associated respiratory illness. The dominant Influenza strain was H3N2 with lesser proportions of H1N1 and influenza B viruses. Of the 2003 cohort, 7,088 (33.0%) patients experienced at least one PEx, and 6,345 (29.5%) had a PEx requiring hospitalization. The incidence rate of PEx was 521.9 per 10,000 person‐months through the 2003‐09 study period. In children, the proportions of influenza (RR 1.02 \[95% CI 1.01‐1.03\], p \< 0.001) and RSV (RR 1.05 \[95% CI 1.02‐1.07\], p \< 0.001) positivity in regional surveillance adjusted for confounders were both significantly associated with PEx risk. Conversely in adults, only influenza positivity in regional surveillance (RR 1.02 \[95% CI 1.01‐1.02\], p \< 0.001) but not RSV (RR 1.01 \[1.00‐1.03\], p=0.07) adjusted for confounders, had a significant association with PEx risk.

**Conclusion:** Our large CF population‐based cohort study spanning seven years demonstrated a significant association with influenza regional activity in children and adults, and with RSV regional activity in children. Further prospective studies of respiratory viral infections are necessary to understand the causal impact on CF lung disease.

R. Somayaji is supported by a CF Canada fellowship.
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**IMPROVED FEV~1~ BASED ON AIRWAY RECRUITMENT AND REDUCED AIRWAY NARROWING IN PATIENTS WITH CF RECEIVING CFTR MODULATOR THERAPY**

Ingenito, E.P.^1,2^; Waltz, D.^2^; Higgins, M.^3^; Lekstrom‐Himes, J.^2^; Huang, X.^2^; Liu, L.^2^; Elborn, J.S.^4^; [Ramsey, B.]{.ul} ^5^; McKee, C.^2^ *1. Division of Pulmonary, Critical Care, and Sleep Medicine, Brigham and Women\'s Hospital, Boston, MA, USA* *; 2. Vertex Pharmaceuticals Incorporated, Boston, MA, USA* *; 3. Vertex Pharmaceuticals (Europe) Limited, London, United Kingdom* *; 4. School of Medicine, Dentistry and Biomedical Sciences, Belfast, Ireland* *; 5. Seattle Children\'s Hospital, Seattle, WA, USA*

**Introduction:** CFTR modulator therapy in patients (pts) with CF is associated with multiple clinical benefits, including improvements in airflow limitation in vivo as measured by posttreatment increases in FEV~1~. Two independent but related physiological mechanisms may contribute to the improvement in airflow limitation: 1) increased effective airway luminal diameter (reduced airway narrowing); and 2) airway recruitment (opening of collapsed airways). Both can impact FEV~1~, but may have different effects on symptoms and other disease manifestations.

**Methods:** A retrospective analysis of spirometry data from STRIVE (ivacaftor \[IVA\] in pts with *G551D* mutation) and TRAFFIC and TRANSPORT (lumacaftor/ivacaftor \[LUM/IVA\] in pts homozygous for the *F508del* mutation) studies explored the relative contributions of increased airway luminal diameter (increased \[FEV~1~/FVC\] ratio at fixed FVC=δ\[FEV~1~/FVC\]FVC) and airway recruitment (increased FVC \[δFVC\] at fixed FEV~1~/FVC ratio=δFVC\[FEV~1~/FVC\]) following treatment.

**Results:** Modulator therapy in pts with CF improved both airway narrowing and small airway recruitment. Based on spirometry indices, the majority of improvement in FEV~1~ following IVA or LUM/IVA treatment at week 24 appeared to result from airway recruitment (mean \[SD\], IVA: 0.271 \[0.275\] L, 70% in gating; LUM/IVA 0.090 \[0.205\] L; 94% in homozygous *F508del* mutation). Increases were observed within 2 weeks of treatment initiation and persisted through 24 weeks.

**Conclusions:** This analysis highlights a unique physiological benefit of CFTR modulator therapy, which is distinct from simple bronchodilation and appears to contribute to clinical improvements associated with this new class of agents.

Sponsored by Vertex Pharmaceuticals Incorporated.
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**HETEROGENEITY IN SURVIVAL AMONG ADULT CYSTIC FIBROSIS PATIENTS WITH LOW LUNG FUNCTION**

[Ramos, K.J.]{.ul} ^1^; Quon, B.S.^3^; Heltshe, S.L.^2^; Hamblett, N.M.^2,4^; Aitken, M.L.^1^; Goss, C.H.^1,2^ *1. Division of Pulmonary and Critical Care Medicine, University of Washington, Seattle, WA, USA* *; 2. Dept. of Pediatrics, Univ. of Washington, Seattle, WA, USA* *; 3. Centre for Heart Lung Innovation, St. Paul\'s Hospital, Vancouver, BC, Canada* *; 4. Dept. of Biostatistics, Univ. of Washington, Seattle, WA, USA*

**Background:** CF patients have improving survival estimates, but there are no modern studies of survival in CF patients with low FEV~1~ in the US.

**Objective:** To determine median survival for US CF patients after FEV~1~ \<30% predicted and identify predictors of survival among these patients with low lung function.

**Methods:** We conducted a retrospective cohort study using the Cystic Fibrosis Foundation Patient Registry, with data available between Jan. 1, 2003 and Dec. 31, 2013. Adult patients (age ≥18 years), who had not yet undergone lung transplantation (LTx), were included if FEV~1~ \<30% during a stable encounter (not marked as pulmonary exacerbation or hospitalization). Patients were censored at the time when LTx was documented, at loss to follow‐up, or at the end of available follow‐up (12/31/13). Kaplan‐Meier transplant‐free survival was estimated. Multivariable Cox proportional hazards (PH) regression (included significant covariates (p\<0.10) from univariate regression) was used to determine predictors of survival; Schoenfeld residuals used to confirm PH assumption.

**Results:** There were 3,340 subjects who met criteria for survival analysis and 1,250 (37.4%) patients died without LTx. 945 patients (28.3%) underwent LTx. Median survival was 6.6 years (95% CI 5.9 -- 7.0). Estimated 1‐year survival was 90.2% (89.1%‐91.1%), 2‐year survival was 79.6% (78.1%‐81.1%) and 5‐year survival was 57.1% (54.9%‐59.2%). Adjusted predictors of mortality, stratified by calendar year, included (HR, 95% CI): continuous FEV1 % (0.93, 0.91‐0.95); female gender (1.32, 1.02‐1.72); BMI ≤18 (1.27, 1.03‐1.56); F508del -- heterozygous (0.72, 0.56‐0.92), homozygous (0.74, 0.59‐0.93) compared to no F508del mutation; any exacerbations in prior year compared to no exacerbations (1.41, 1.07‐1.87); continuous or nocturnal oxygen use (2.77, 2.21‐3.48); *B. cepacia* (1.49, 1.07‐2.10); end‐stage renal disease on dialysis (3.47, 1.78‐6.74); cirrhosis (1.70, 1.10‐2.64); and depression (1.43, 1.17‐1.75).

**Conclusions:** The majority of CF patients with FEV~1~ \<30% live for ≥5 years without LTx. Important risk factors for death in patients with low lung function include lower FEV~1~, female gender, pulmonary exacerbations, low BMI, and supplemental oxygen use. FEV~1~ \<30% no longer predicts 2‐year mortality exceeding 50% and should not be the primary factor when deciding about LTx referral.

**Acknowledgements:** Supported by CFF Clinical Fellowship Award.
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**CHANGES IN VENTILATION INHOMOGENEITY AND MAGNETIC RESONANCE IMAGING (MRI) SCORE DURING TREATMENT FOR PULMONARY EXACERBATIONS IN CHILDREN WITH CYSTIC FIBROSIS**

[Grasemann, H.]{.ul} ^1,3^; Grosse‐Wortmann, L.^2,3^; Ciet, P.^4,5^; McDonald, N.^1,3^; Klingel, M.^1,3^; Tiddens, H.^4,5^; Ratjen, F.^1,3^ *1. Division of Respiratory Medicine, The Hospital for Sick Children, Toronto, ON, Canada* *; 2. Labatt Family Heart Centre, Department of Pediatrics, The Hospital for Sick Children, Toronto, ON, Canada* *; 3. Department of Pediatrics, University of Toronto, Toronto, ON, Canada* *; 4. Department of Pediatric Pulmonology, Erasmus MC‐Sophia Children\'s Hospital, Rotterdam, Netherlands* *; 5. Department of Radiology, Erasmus MC‐Sophia Children\'s Hospital, Rotterdam, Netherlands*

**Introduction:** Both magnetic resonance imaging (MRI) and multiple breath washout (MBW) may be sensitive methods to monitor cystic fibrosis (CF) lung disease. Studies assessing treatment responses in acute pulmonary exacerbations (aPEs) have shown a heterogeneous response in the lung clearance index (LCI), the main outcome measure of MBW, with a significant proportion of patients showing worsening of LCI with treatment (Sonneveld N et al. Eur Respir J 2015). This is potentially explained by recruitment of poorly ventilated areas of the lung to MBW by decreasing mucus plugging with treatment of aPEs. The objective of this study was to evaluate MRI and MBW as measures of CF lung disease before and after treatment of an aPE treated with intravenous (IV) antibiotics in children with CF.

**Methods:** MRI of the chest, MBW using sulfur hexafluoride (SF~6~) and spirometry were performed before (V1) and after (V2) 14 days of IV antibiotics. Lung morphometry (bronchiectasis, airway thickening, mucus plugging, parenchyma and trapped air) was scored using the CF‐MRI scoring, an adapted version of the Brody score for MRI. Spirometry measures were analyzed as percent predicted.

**Results:** 13 patients (7 males) had an MRI on V1 and V2. Mean age was 13.5 y (range 7.8‐17.4). Mean FEV~1~ at V1 was 67% and increased to 74% on V2 (Δ7%, 95% CI 2, 12%; p=0.01). Improvement was also seen for FVC (p=0.04), FEV~1~/FVC (p=0.05) and FEF~25‐75~ (p=0.05). While no significant changes with therapy were seen on MRI for bronchiectasis, airway thickening, parenchyma or total lung score, improvement was seen in scores for mucus plugging (Δ‐3.5; 95% CI ‐5.4, ‐1.5; p=0.002) and air trapping (Δ‐2.5; 95% CI ‐4.7, ‐0.3; p=0.03). Out of the 13 patients that underwent MRI, 8 had research‐quality MBW measured at V1 and V2. Mean (SD) LCI score at V1 was 12.4 (2.3) and did not change with treatment (Δ‐0.2; 95% CI ‐1.1, 0.7). At V1, LCI was positively correlated with total MRI score (r=0.64; p=0.06), mucus plugging (r=0.72; p=0.03) and bronchiectasis score (r=0.70; p=0.04). There was no correlation between changes in MRI scores with changes in spirometry. However, there was a significant negative correlation between changes in LCI and changes in MRI total lung score (r=‐0.85; p\<0.01). Significant negative correlations suggested worsening of LCI with improving mucus plugging (r=‐0.74; p=0.04) and air trapping (r=‐0.79; p=0.02) with therapy.

**Conclusions:** Consistent with previous studies, MRI can be used to quantify lung disease in children with CF. In this pilot study, improved mucus plugging and trapped air on CF‐MRI correlated with worsening LCI. These findings suggest that opening up poorly ventilated areas of the lung with treatment affects the LCI measurement and may explain the previously reported heterogeneous response in LCI with treatment of aPEs.
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**QUANTIFICATION OF REGIONAL VENTILATION HETEROGENEITY OF EARLY CYSTIC FIBROSIS LUNG DISEASE VIA ^129^XE MAGNETIC RESONANCE IMAGING: COMPARISON WITH PFT AND LCI**

[Walkup, L.L.]{.ul}; Thomen, R.P.; Bell, E.; Decker, B.; Cleveland, Z.; Clancy, J.P.; Woods, J.C. *Cincinnati Children\'s Hospital Medical Center, Cincinnati, OH, USA*

**Introduction:** Sensitive clinical tools to assess subtle changes in lung structure and function are essential for assessing disease progression and therapeutic efficacy in early CF lung disease. Spirometry is the clinical gold‐standard for measuring lung function but is known to be somewhat insensitive and effort‐dependent. Lung clearance index (LCI) via multiple‐breath washout is emerging as a sensitive biomarker for ventilation heterogeneity, and recently, we demonstrated that hyperpolarized ^129^Xe magnetic resonance imaging (MRI) was sensitive to ventilation deficits in CF patients with clinically‐normal spirometry (ie, FEV~1~). The objective of this study was to investigate the relationship between PFTs, LCI, and ^129^Xe MRI for the assessment of ventilation heterogeneity in early CF lung disease.

**Methods:** Hyperpolarized ^129^Xe MRI was performed in 8 pediatric CF patients (3 males and 5 females; ages 8‐16 y; FEV~1~ 98.6±15.2% predicted) using Xe prepared by either a commercial or homebuilt Xe polarizer. ^129^Xe ventilation images were acquired during a single breath‐hold (≤16 seconds) of Xe from functional residual capacity. Ventilation deficits were identified using a signal intensity threshold (60% mean whole‐lung ^129^Xe signal) and quantified as a percentage (VDP) of total lung volume and of each lobe. VDP was compared to clinically‐obtained LCI~2.5~ and FEV~1~ by Pearson correlation.

**Results:** The ^129^Xe MRI breath‐hold was well tolerated by all subjects; a small, transient decrease in blood oxygenation (SpO~2~ decrease ‐6.5±8.5% from baseline) was recorded but resolved within 1 minute of normal breathing. Ventilation deficits were visually apparent in all CF patients, even in subjects with clinically‐normal FEV~1~, with varying degrees of lobar distribution. The mean whole‐lung ^129^Xe VDP was 18.3±8.6%, which poorly correlated with FEV~1~ (R^2^=0.37, p = 0.108) but strongly correlated with LCI~2.5~ (R^2^=0.76, p= 0.005). This demonstrates the sensitivity of ^129^Xe MRI to early airway obstruction compared to spirometry and the ability of ^129^Xe MRI to quantify regional ventilation heterogeneity.

**Conclusion:** ^129^Xe MRI is a sensitive technique to assess ventilation heterogeneity in early CF lung disease and correlates well with LCI. ^129^Xe MRI also provides regional information which can be used to guide interventions (eg, bronchoscopies) and evaluate regional ventilation changes associated with disease progression or therapy response.
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**CONVENTIONAL AND ULTRASHORT ECHO TIME MRI COMPARED WITH CT**

[Nagle, S.]{.ul} ^1^; Francois, C.^1^; Poranski, M.^1^; Bell, L.^2^; Johnson, K.^3^; Fain, S.^3^ *1. Radiology, University of Wisconsin, Madison, WI, USA* *; 2. Imaging Research, Barrow Neurological Institute, Phoenix, AZ, USA* *; 3. Medical Physics, University of Wisconsin, Madison, WI, USA*

**Introduction:** Ultrashort echo time (UTE) MRI better depicts lung tissue than conventional MRI. The purpose of this study was to compare UTE and conventional MRI with and without IV contrast relative to CT.

**Methods:** This study included 30 subjects with cystic fibrosis (M:F 16:14, age: 10‐55y, FEV1: 25%‐122%) imaged at baseline using CT and MRI. 10 subjects returned for a repeat visit 1‐2 weeks later. CT was performed using a low‐dose volumetric protocol including both end‐inspiration and end‐expiration scans. MRI methods included conventional "CONV" and newer ultrashort echo time "UTE" (TE = 0.08ms) methods. MR images were acquired before and after each subject received 1 mmol/kg of gadobenate dimeglumine.

Two cardiothoracic radiologists scored the 5 image datasets (CT, precontrast CONV, postcontrast CONV, precontrast UTE, and postcontrast UTE) in a randomized blinded fashion. The Heidelberg morphologic score system was modified by adding an air trapping score and increasing the scale from 3 to 4 (none, \<1/3, 1/3‐2/3, or \>2/3 of the lobe affected) to better approximate the well‐validated Brody CT score. Scores were compared using the Kruskal‐Wallis test with post hoc Dunn\'s test on a per‐subject and per‐lobe basis. Correlations between the methods were also calculated.

**Results:** Acquisition of all data is complete. Complete analysis will be complete before the NACFC meeting. Analysis of a random subset of 19 subjects is complete as of the submission date.

Per‐lobe analysis revealed differences in total lobe score between the methods. Although there was no difference in the bronchiectasis score amongst the MR methods, all MR methods underscored bronchiectasis relative to CT (p\<.001). Consolidation and pleural categories did not differ between the methods (p=.428 and .828, respectively). The only MR score that did not differ from CT on was air trapping on postcontrast UTE (p=.07).

On a per‐subject basis, total score on CT differed from CONV MRI (p\<.001) but not from either precontrast (p=.117) or postcontrast (p=.136) UTE. Air trapping on CT differed from CONV MRI (p\<.001) but not from either precontrast (p=.155) or postcontrast (p=.591) UTE.

IV contrast did not significantly change either total score or air trapping score on either per‐lobe (p=.185 CONV; p=.680 UTE) or per‐subject (p=.304 CONV; p=.376 UTE) analysis.

The correlations of UTE with CT total and air trapping scores are shown in the Table.

**Conclusion:** Ultrashort echo time MRI significantly outperformed conventional MRI and showed excellent correlation with CT scores. There was no significant difference between CT and UTE MRI for either total score or air trapping subscore, regardless of whether or not contrast was given.
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**SENSITIVE AND OBJECTIVE QUANTIFICATION OF THE AIRWAY AND ARTERY DIMENSIONS IN YOUNG CHILDREN WITH EARLY CYSTIC FIBROSIS LUNG DISEASE**

[Kuo, W.]{.ul} ^1,2^; Soffers, T.^1^; Andrinopoulou, E.^3^; Rosenow, T.^4^; Ranganathan, S.^5^; Turkovic, L.^4^; Stick, S.M.^4,6,7^; Tiddens, H.^1,2^ *1. Department of Pediatric Pulmonology, Erasmus MC ‐ Sophia Children\'s Hospital, Rotterdam, Netherlands* *; 2. Department of Radiology, Erasmus MC, Rotterdam, Netherlands* *; 3. Department of Biostatistics, Erasmus MC, Rotterdam, Netherlands* *; 4. Telethon Kids Institute, The University of Western Australia, Perth, WA, Australia* *; 5. Murdoch Children\'s Research Institute, Parkville, VIC, Australia* *; 6. Princess Margaret Hospital for Children, Perth, WA, Australia* *; 7. School of Paediatrics and Child Health, The University of Western Australia, Perth, WA, Australia*

**Background:** Structural lung changes, like bronchiectasis and airway wall thickening are present on chest CTs of young children with cystic fibrosis (CF). Bronchiectasis and airway wall thickness can be assessed objectively by quantifying airway and accompanying artery dimensions perpendicular to the airway axis.

**Purpose:** To assess airway and artery (AA) dimensions on chest CT over a 2‐year interval in young patients with CF lung disease and to compare AA dimensions in CF patients to control patients.

**Methods:** Pressure controlled end‐inspiratory CTs of 12 CF patients with follow‐up CT after 2 years (baseline=CT~1~; follow‐up=CT~2~) and 12 control patients (normal chest CT identified by an experienced radiologist) were analyzed retrospectively. All visible AA pairs were measured perpendicular to the airway axis in the middle of each branch. Inner, outer airway and wall diameter (=outer‐inner) were divided by adjacent artery diameter to compute A~in~A‐, A~out~A‐, and A~WT~A‐ratios, respectively. Difference in cross‐sectional data (CF CT~1~ and CT~2~ vs control) and longitudinal data (CF CT~1~ vs CT~2~) was assessed using mixed‐effects models to predict AA‐ratios per segmental generation (SG). Bonferroni correction was applied (p≤0.003 was considered significant). Power calculations were performed with 80% power and α=0.05.

**Results:** Median age was 2 years for CF at CT~1~, 3.9 years at CT~2~, with 5 males and 2.9 years for controls, with 10 males. Total of 4798 AA pairs were measured (mean: 128 for CF at CT~1~, 150 at CT~2~ and 122 for controls). In the cross‐sectional analysis, A~in~A‐ratio showed no difference between controls and CF at CT~1~ or CT~2~ (p≥0.06). A~out~A‐ratio was significantly higher (p\< 0.002) in CF CT~1~ for SG 2‐4 and CT~2~ for SG 2‐5 compared to controls. A~WT~A‐ratio was increased (p\<0.001) for CF CT~1~ in SG 1‐5 and CT~2~ in SG 2‐6 compared to controls. In the CF longitudinal analyses, A~in~A‐ratio showed small but significant increase at CT~2~ compared to CT~1~ along most SG. Progressive increase in A~out~A‐ratio at CT~2~ compared to CT~1~ was visible in SG≥4 (significant for SG 6). Sample size of 21, 33 and 58 would be necessary for 50, 40 and 30% A~out~A‐ratio reduction between CF CT~2~ and controls.

**Conclusion:** More dilated airways and thicker walls were visible in young CF patients compared to control patients. Progression of early CF lung disease could be detected after 2 years, particularly in smaller airways. Objective parameter for structural lung disease like AA‐ratios can substantially reduce sample sizes for clinical trials.
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**A NOVEL IMAGE BIOMARKER FOR BRONCHIECTASIS: AIRWAY TAPERING**

[Kuo, W.]{.ul} ^1,2^; Perez‐Rovira, A.^1,3^; Tiddens, H.^1,2^; de Bruijne, M.^3,4^ *1. Department of Pediatric Pulmonology, Erasmus MC ‐ Sophia Children\'s Hospital, Rotterdam, Netherlands* *; 2. Department of Radiology, Erasmus MC, Rotterdam, Netherlands* *; 3. Biomedical Imaging Group Rotterdam, Department of Medical Informatics and Radiology, Erasmus MC, Rotterdam, Netherlands* *; 4. Department of Computer Science, University of Copenhagen, Copenhagen, Denmark*

**Rationale:** Cystic fibrosis (CF) lung disease is characterized by progressive bronchiectasis and lack of airway tapering. Objective quantification of tapering in patients with CF and controls has not been defined.

**Objectives:** To explore tapering measures as a novel image biomarker in CF lung disease and to establish reference tapering values.

**Methods:** Spirometer‐guided inspiratory chest CTs of 12 random CF patients and 12 age‐ and gender‐matched controls (lungs evaluated as normal on CT) between 6 and 16 years old were retrospectively selected. In addition a subset of 156 control CTs from the Normal CT dataset (10 international centers collected clinically indicated CTs with normal lungs evaluated on CT) without lung volume control were included. State‐of‐the‐art automatic image analysis software was used to quantify intrabranch tapering (reduction in airway diameter along the branch), interbranch tapering (reduction in airway diameter before and after bifurcation), and airway artery (AA) ratios. Image biomarkers were obtained for each individual branch and reported as median values for each subject. Biomarkers were further stratified in small, medium and large airways based on 3 equal groups of the accompanying vessel size of spirometer‐guided controls (\<3.08, within 3.08 to 4.23, and \>4.23 mm). CF‐CT bronchiectasis scoring was done for all spirometer‐guided CTs. Differences were tested using Mann‐Whitney U and correlations with Spearman correlation coefficient.

**Results:** One patient with common variable immune deficiency was mislabeled as CF, but due to similar structural changes remained included as CF. CF patients had a reduced median intrabranch tapering (lumen=0.89%; outer diameter=0.65%) compared to controls (lumen=1.19%; outer diameter=0.95%) (p\<0.01). CF patients had a reduced median interbranch tapering (lumen=32.3%; outer diameter=19.3%) compared to controls (lumen=38.5%; outer diameter=23.7%) (p\<0.01). Differences in tapering between CF and controls were significant for all airway sizes. Difference in AA‐ratio was only significant in small airways. CF‐CT scores correlated with intrabranch tapering (lumen=0.75; outer diameter=‐0.56, both p\<0.01), interbranch tapering (lumen=‐0.67; outer diameter=‐0.65, both p\<0.01) and AA‐ratios (lumen=0.53; outer diameter=0.75, both p\<0.01).

**Conclusions:** Airway tapering is a promising novel CF biomarker and correlates well with validated CT scoring systems. CF patients showed a significant reduction in airway tapering across all airway sizes compared to controls, whereas a significant increase in AA‐ratio was only observed in the small airways. Detecting tapering reduction in larger airways could potentially lead to earlier diagnosis of bronchiectasis on CTs of young CF patients with relatively low CT resolution to detect changes in small airways.

**420\***

**RELATING REGIONAL STRUCTURE AND FUNCTION IN CF LUNG DISEASE VIA UTE AND HYPERPOLARIZED ^129^XE MRI**

[Thomen, R.P.]{.ul}; Walkup, L.L.; Roach, D.J.; Cleveland, Z.; Fleck, R.; Clancy, J.P.; Woods, J.C. *Cincinnati Children\'s Hospital Medical Center, Cincinnati, OH, USA*

**Introduction:** Ultrashort echo time (UTE) MRI is an emerging technique that can quantify regional structural abnormalities in lung with sensitivity similarly to CT, but without the use of ionizing radiation. Hyperpolarized (HP) ^129^Xe MRI generates images of regional pulmonary ventilation and, in obstructive lung diseases, provides quantifiable maps of regional ventilation defects. In early CF lung disease these defects are observed even without clinically significant decline in pulmonary function. We hypothesize that structure‐function relationships exhibited by pathologies associated with CF lung disease (bronchiectasis and bronchial wall thickening \[BR\], mucus plugging \[MP\], consolidation \[CN\], ground glass opacities \[GG\], and air trapping \[AT\]) can be identified using UTE and HP ^129^Xe MRI. In particular, we used UTE MR images to identify these pathologies and spatially matched and quantified their corresponding ventilation defects from HP ^129^Xe MRI.

**Methods:** 5 adolescents (ages 11‐16) with early CF lung disease were imaged via UTE MRI and HP ^129^Xe MRI. Regions of defective ventilation were quantified from HP ^129^Xe images, and UTE images were independently examined for structural abnormalities, with care taken to locate the areas of parenchyma associated with each abnormality. Defect percentages associated with each structural abnormality were calculated for each subject.

**Results:** Whole‐lung defect percentage averaged 22% ± 8% in these subjects (mean FEV~1~ = 82%). Across all subjects, 71% of ventilation defect volume was associated with a clear structural abnormality. By volume, BR was responsible for 34% of ventilation defects, MP for 24%, CN for 8%, GG for 1%, and AT for 3%. In the subject with lowest FEV~1~ (61%), BR and MP were responsible for 29% and 42% of the identified defect volume.

**Conclusions:** In this small group of patients, we have identified and associated structural abnormalities in UTE MRI that accounted for the majority of the volume‐percentage of ventilation defects in HP ^129^Xe MRI. In these subjects MP and BR were responsible for the greatest fractional volume of ventilation defects. Associating regional ventilation with regional structural abnormalities may be particularly useful in longitudinal monitoring of CF disease progression, especially in evaluation of individualized treatments.
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**Figure.** Axial UTE MRI (top) and HP ^129^Xe MRI (middle) of a 15‐year‐old female CF patient (FEV~1~ = 72%). Defects (bottom) are labeled according to associated structural pathology from UTE.

**421** **▴**

**QTC INTERVAL MONITORING FOR CHRONIC AZITHROMYCIN THERAPY IN PATIENTS WITH CYSTIC FIBROSIS**

[Sharpton, R.]{.ul} ^1^; Condren, M.^1,2^; O\'Neal, K.^1,2^; Lloyd, A.^1,3^; McIntosh, H.^2^ *1. Pharmacy Practice, University of Oklahoma College of Pharmacy, Tulsa, OK, USA* *; 2. University of Oklahoma School of Community Medicine, Tulsa, OK, USA* *; 3. Saint Francis Health System, Tulsa, OK, USA*

**Introduction**: Azithromycin therapy has been associated with QTc prolongation and cardiac events in patients without CF, but has not been well described in patients with CF. In April 2014, an outpatient ECG protocol was developed outlining the number and type of risk factors to consider when obtaining an ECG for both pediatric and adult populations with chronic azithromycin therapy.

**Objective:** Local practices of obtaining ECGs in patients with CF at risk for QTc prolongation with chronic azithromycin therapy were examined to identify the number and type of QTc prolonging risk factors, the percentage of patients receiving baseline and follow‐up ECGs, and the classification of QTc intervals.

**Methods:** This retrospective review examined medical records for patients aged \>6 with a clinic visit from April 1, 2014 through October 1, 2015. Patients were divided into those initiating or currently receiving chronic azithromycin, then divided into the number and type of QTc‐prolonging risk factors present. The percentage of patients with initial and follow‐up ECGs was determined. QTc intervals were classified as normal, borderline, or prolonged.

**Results:** Sixty‐five patients were included. Half of those examined (49.5%) had no risk factors, 26.3% had one, 54.6% had two to four, and 1% had five risk factors for QTc prolongation. The most common risk factors were female gender (n = 30) and long‐acting beta agonists (n = 27). Twenty‐four initial ECGs were obtained, and 1 azithromycin patient had a borderline QTc interval (430 to 450 msec). Four follow‐up ECGs were obtained, and 1 patient had a prolonged QTc interval (\> 450 msec). The patient with initial borderline ECG did not obtain a follow‐up ECG. All other QTc intervals were normal.

**Conclusion:** CF patients may have multiple risk factors for QTc prolongation. A system should be implemented to ensure follow‐up ECGs for those with initial borderline or prolonged QTc intervals initiating azithromycin. QTc intervals need to be specifically requested when ordering ECGs. It is important to further study cardiac risks associated with medication therapy in patients with CF.

**422**

**LUNG CLEARANCE INDEX AND SPIROMETRY ARE REPRODUCIBLE IN PRESCHOOL CF AND CRMS CHILDREN**

[Kasi, A.]{.ul} ^1^; Wee, C.^2^; Salinas, D.B.^1^ *1. Pediatric Pulmonology, Children\'s Hospital Los Angeles, Los Angeles, CA, USA* *; 2. Children\'s Hospital Los Angeles, Los Angeles, CA, USA*

**Background:** There is a growing interest in assessing lung disease in young children given the long‐term benefits of early intervention. In preschool children with CF, lung clearance index (LCI) is more sensitive than spirometry to detect abnormal lung function and is predictive of structural lung disease. However, LCI is not yet standardized for clinical use, in part, due to challenges to perform the test. We hypothesized that LCI is more reproducible than spirometry to detect lung disease in preschool children with a positive CF newborn screen (NBS).

**Objectives:** 1. To compare test completion ratios between LCI and spirometry (FEV~1~); 2. to assess reproducibility of LCI and FEV~1~ measurements; 3. to explore which of the two tests is more sensitive to detect early lung disease between the CF and CFTR‐related metabolic syndrome (CRMS) subgroups.

**Methods:** Children with positive NBS for CF (CF and CRMS) between 3 and 6 years of age were recruited from the CF clinic at Children\'s Hospital Los Angeles. Subjects with any acute illness were excluded. Age‐matched healthy controls (HC) were recruited from the hospital employee day care. Those with persistent asthma or family history of CF were excluded. All eligible subjects were scheduled for 2 visits (within 2 weeks) and LCI and spirometry were performed both days. Subjects had 4 attempts or up to 20 minutes per test. Satisfactory completion for each test followed ATS criteria. *Statistical analysis*: mean differences in LCI and FEV~1~ within subjects and between groups (HC, CF, and CRMS) were measured by ANOVA with repeated measure adjustment. Generalized Estimated Equation with linear regression was used to examine the differences across ages and attempts, adjusted for repeated measure.

**Results:** We studied 34 subjects (CF=18, CRMS=7, and HC=9). CF vs CRMS phenotypes compared as follows: 1) Mean sweat chloride: 88±22 vs 30±14; 2) *Pseudomonas aeruginosa*‐ever: 50% vs none; and 3) presence of chronic cough: 33% vs 14%. *Completion rates* were similar between LCI and spirometry: LCI=65% (95%CI: 46%‐80%) and spirometry=59% (41%‐75%). *Reproducibility*: LCI and FEV~1~ measurements had similar variability (*cv*: 17.9% vs 18.8%, respectively). For both LCI and FEV~1~, there was no significant difference across attempts (p=0.46 and p=0.64); or across ages 3 through 6 years (p=0.68 and p=0.23); or between the two visits (p=0.58 and p=0.53). *Sensitivity*: there was no significant difference of mean LCI between groups: CF=5.24±0.97; CRMS=4.44 ± 0.55; and HC=4.72±0.59 (p=0.06) or for mean FEV~1~: CF=83.34±17.10; CRMS=98.19±13.99; and HC=88.54 ±12.27 (p=0.14).

**Conclusions:** We conclude that LCI and spirometry are reproducible tests in preschool CF and CRMS children 3 to 6 years of age. Children in this age group tolerated 4 attempts per test and they performed equally across attempts. Also, they performed the tests as well in the first visit as in the second visit. There was no difference in LCI and FEV~1~ between groups and the values were within normal limits. This is likely due to early therapeutic interventions with diagnosis by NBS.

**Supported by:** Webb Foundation and Children\'s Hospital Los Angeles Pediatric Pulmonary.

**423**

**POTENTIAL OF N‐OF‐1 STUDIES IN CYSTIC FIBROSIS RESEARCH**

[Shaffer, M.]{.ul} ^1,2^; Hamblett, N.M.^1,2^ *1. Pediatrics, University of Washington, Seattle, WA, USA* *; 2. Center for Clinical and Translational Research, Seattle Children\'s, Seattle, WA, USA*

**Background:** An N‐of‐1 trial is a single‐patient clinical trial with multiple crossovers between treatments. The idea of N‐of‐1 studies is not new. More than 20 years ago the feasibility of an N‐of‐1 trial service was described and an offer of an N‐of‐1 trial recommended when the patient or clinician was uncertain about the value of treatment for symptomatic chronic diseases. In 2014 the Agency for Healthcare Research and Quality released a guide for the design and implementation of N‐of‐1 trials to improve general understanding and raise the level of evidence generated from such trials. However, N‐of‐1 trials remain relatively uncommon in areas where they may be most beneficial, such as for pediatric chronic diseases.

**Methods:** We examine N‐of‐1 trials for cystic fibrosis (CF) to identify when N‐of‐1 trials are more appropriate and/or more efficient than traditional study designs. We discuss design considerations including randomization, blinding, replication, and washout and the more complex statistical modeling needed to combine N‐of‐1 trials. We illustrate candidate N‐of‐1 trials for CF to identify when N‐of‐1 trials may be favored over traditional study designs. Simulations comparing the sample size of N‐of‐1 designs to parallel and crossover studies are presented. Pulmonary function and sweat chloride endpoints from studies conducted by the CF Therapeutics Development Network are used to select simulation parameters.

**Results:** N‐of‐1 trials require the same rigorous development as more traditional clinical trials designs to support both treatment decision making for the individual patient as well as the potential to combine sets of N‐of‐1 trials to provide general treatment recommendations for a patient population. Sets of complementary N‐of‐1 trials require smaller sample sizes than AB/BA crossover designs for anticipated within‐patient correlations. N‐of‐1 trials are a feasible approach to treatment decision making in pediatric chronic diseases.

**Conclusions:** N‐of‐1 trials provide the opportunity to practice evidence‐based, patient‐centered care. While the primary goal of N‐of‐1 trials is to inform treatment decisions for a specific patient, the information gathered in multiple N‐of‐1 trials can be leveraged through meta‐analysis to provide generalizable information comparable to traditional parallel‐arm clinical trials. N‐of‐1 trials are a viable alternative to traditional designs and hold promise for evaluating new therapies in rare diseases such as CF.
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All scenarios assume a type 1 error of 0.05 and power equal to 90%.

**424**

**VENTILATION AND PERFUSION MRI OF CYSTIC FIBROSIS**

[Poranski, M.]{.ul} ^1^; Zha, W.^2^; Cadman, R.^2^; Hahn, A.^2^; Bell, L.^3^; Fain, S.^1,2^; Nagle, S.^1,2^ *1. Radiology, Univ. of Wisconsin, Madison, WI, USA* *; 2. Medical Physics, Univ. of Wisconsin, Madison, WI, USA* *; 3. Imaging Research, Barrow Neurological Institute, Phoenix, AZ, USA*

**Introduction:** While FEV~1~ is useful for assessing global CF lung function, functional imaging can show regional disease heterogeneity. Although hyperpolarized gas ventilation imaging is an excellent tool for showing impaired ventilation in CF, it is not widely available. Perfusion MRI, however, can be performed at any site that has MRI. The purpose of this study was to compare lung function assessed with perfusion MRI to ventilation MRI in a wide range of CF lung disease severity.

**Methods:** Spirometry and MRI were performed on 26 subjects (M:F: 13:13, age: 10‐55 y, ppFEV~1~: 25%‐122%) at their baseline state of health. Ventilation MRI during a breath‐hold of hyperpolarized ^3^He and dynamic contrast‐enhanced perfusion MRI were performed using previously published methods. Imaging and spirometry were repeated for 8 subjects 1‐2 wk later. Ventilation Defect Percent (VDP) was quantified using a previously published adaptive K‐means method. Semiquantitative analysis of lung perfusion used time course maximum intensity projections and manually segmented defects to determine Perfusion Defect Percent (PDP), blinded to VDP and spirometry results. VDP and PDP measures were compared using Bland‐Altman analysis and linear regression to determine the correlation of both PDP and VDP with FEV~1~. Interday repeatability of PDP, VDP, and FEV~1~ was compared using intraclass correlation coefficients (ICC) and Bland‐Altman plots.

**Results:** Perfusion and ventilation defects were generally matched. Both PDP (r=‐0.66 \[‐0.82, ‐0.42\]) and VDP (r=‐0.74 \[‐0.84, ‐0.48\]) showed strong correlations with FEV~1~. PDP was 11.6% \[7.5%, 15.6%\] higher than VDP. PDP repeatability was excellent (ICC=0.94) and did not differ significantly between visits (bias=0.95% \[‐1.8%, 3.7%\]). VDP also showed strong repeatability (ICC=0.83). The 95% limits of agreement (LOA) of repeated PDP \[‐9.3%, 11.2%\] and VDP \[‐11.2%, 19.7%\] were not significantly different. FEV~1~ measurements showed the strongest repeatability (ICC=0.98) and least variability (95% LOA=‐10.2%, 9.4%).

**Conclusion:** Perfusion MRI may serve as a relatively inexpensive, easy to use, and widely available surrogate for ventilation MRI to depict the progression of functional defects in CF lung disease.
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**DISTAL AIRWAY OXYGEN LEVELS ARE LOW IN CYSTIC FIBROSIS: NONINVASIVE MEASUREMENT USING A NOVEL, FAST‐RESPONSE OYXGEN SENSOR**

[Wijers, C.]{.ul} ^1,2^; Mendelsohn, L.^1,2^; Marozkina, N.^1,2^; Gaston, B.^1,2^ *1. Pediatrics, Case Western Reserve University, Cleveland, OH, USA* *; 2. Rainbow Babies & Children\'s Hospital, Cleveland, OH, USA*

**Introduction:** Oxygen plays a role in the pathogenesis and virulence of *Pseudomonas aeruginosa* among cystic fibrosis (CF) patients. Bronchoscopic evidence shows that mucus in CF airways can be virtually anaerobic, creating an environment favorable for *P. aeruginosa* alginate production (Worlitzsch D, et al. J Clin Invest. 2002;109:317‐25). However, little follow‐up work has been done since the Wörliztsch paper to measure and to modify the actual oxygen tension in the CF airways. Here, using a fast‐response sensor, we introduce a noninvasive procedure for measuring abnormalities in the oxygen content of the airways.

**Methods:** The fraction of expired airway oxygen was measured in real time using an O2CPX Fast Laser diode oxygen analyzer (response time of ˜200 ms) in series with pneumotachometer and CO~2~ analyzer (Oxigraf, Mountain View, CA). Subjects breathed comfortably at FRC into a low‐resistance mouthpiece, then exhaled their expiratory reserve volumes at a flow rate of 400 mL/s. The nadir of fractional oxygen (NFO) was recorded after the fraction of exhaled CO~2~ crossed 5% (˜38 mmHg). Measurements were repeated three times. Additional measurements were made in a subject breathing 0, 2, 3 and 4 liters per minute (lpm) oxygen by nasal cannula (NC). Stable, normoxic CF outpatients were recruited from the Rainbow Babies and Children\'s Hospital (RBCH) CF clinic. Healthy volunteers were recruited from faculty and staff. This study was reviewed and approved by the RBCH IRB.

**Results** The procedure was well‐tolerated by all subjects. Mean (±SD) NFO values for adult healthy volunteers (22‐60y; n=7), adults with CF (25‐55yo; n=8) and children with CF (12‐15y; n = 3) were 13.8±1.3, 11.6±0.9 and 12.0±0.6 %, respectively (p=0.004 by one‐way ANOVA). Adult CF NFO values were lower than adult healthy control values (p=0.004 by Tukey pairwise comparison). In some CF patients, oxygen content increased in the final msecs of exhalation, presumably reflecting emptying of a population of true respiratory bronchioles and alveoli. NFO was not related to arterial oxygen saturation measured by pulse oximetry (linear regression, p=0.971). Supplemental oxygen by NC increased healthy adult NFO in a dose‐dependent fashion (linear regression, p\<0.0005; n=3; r^2^=0.91). At 4 lpm the NFO was 21.8±1.5%.

**Conclusions:** These results demonstrate that gas‐phase oxygen levels in the terminal airways are low in CF patients. Phase IV values and normal arterial oxygen saturations, however, suggest regional inhomogeneity and V/Q matching. Higher values in CF children than adults suggest that decreased airway oxygen levels may arise from bronchiectasis, inflammation and/or infection, though there is also evidence that oxygen consumption is increased in CF epithelial cells (Worlitzsch D, et al.). The data raise several questions about the physiology, ontogeny and airway ecology of airway oxygen tensions in CF. The data are partially consistent with the idea that oxygen tensions may favor the growth of mucoid *Pseudomonas* and anaerobic bacteria in the CF airways. If so, low‐dose oxygen therapy might be considered for its antimicrobial value.

**426**

**ONE‐YEAR EVALUATION OF PULMONARY EXACERBATION OUTCOMES AMONG PATIENTS WITH CYSTIC FIBROSIS INITIATED ON IVACAFTOR IN A MULTISTATE MEDICAID POPULATION**

[Hassan, M.]{.ul} ^1^; Bonafede, M.M.^2^; Limone, B.L.^2^; Hodgkins, P.^1^ *1. Vertex Pharmaceuticals Incorporated, Boston, MA, USA* *; 2. Truven Health Analytics, Cambridge, MA, USA*

**Objective:** Cystic fibrosis (CF) is associated with high rates of pulmonary exacerbations (PEx) leading to an accelerated decline in lung function, impaired quality of life, increased inpatient (IP) admissions, and premature mortality. In clinical trials of patients with CF gating mutations, ivacaftor (IVA) treatment has been associated with reductions in PEx. The objective of this analysis of multistate Medicaid data was to compare rates of PEx among patients with CF 12 months pre‐ and‐post initiation of IVA treatment in a Medicaid population.

**Methods:** This retrospective cohort study used administrative claims data for US patients insured by Medicaid from January 2012 to November 2014. Patients with CF ≥6 years of age with ≥1 claim for IVA (initiation date=index date) and 12 months of continuous enrollment pre‐ and post‐index were included. A PEx was defined based on (i) an IP stay (hospitalization) and/or intravenous (IV) antibiotic use, or (ii) use of oral antibiotics alone for acute treatment without IP stay or IV use. Rates of PEx were compared between the 12‐month pre‐ and post‐index periods.

**Results:** The study inclusion criteria identified 44 patients who initiated IVA in the Truven MarketScan Medicaid Multi‐State database of more than 15 million patients. The study population (N=44) was 55% female; mean age (SD) was 13.1 (6.7) years. Comparison of the 12‐month pre‐ and post‐index periods showed a statistically significant decline in the proportion of all patients with PEx requiring hospitalization and/or IV antibiotic use (from 43.2% to 25.0%, *P*=0.03). Of the patients with a history of PEx requiring hospitalization and/or IV antibiotic use before IVA initiation (n=19), less than half had a PEx event requiring hospitalization and/or IV use after IVA initiation (n=8). Overall proportions of patients without PEx ("pulmonary exacerbation free") tripled from 4.5% in the pre‐index period to 15.9% after IVA initiation (*P*=0.025).

**Conclusions:** Findings from this retrospective analysis of a small cohort of patients with CF in the Medicaid population suggest that treatment with IVA was associated with reductions in PEx rates. These outcomes from real‐world settings are consistent with the results of clinical trials of IVA among patients with CF gating mutations.

Sponsored by Vertex Pharmaceuticals Incorporated.

**427**

*****BURKHOLDERIA CONTAMINANS***: AN EMERGING PATHOGEN IN CF**

[Vazquez, C.]{.ul} ^1^; Santiago, S.^1^; Pastor, D.^1^; Gomez, A.^1^; Gallego, M.^1^; Urra, E.^1^; Saez, J.^3^; Drevinek, P.^2^; Vilar, B. *1. Pediatrics, Hospital Universitario de Cruces, Barakaldo, Bizkaia, Spain* *; 2. 2nd Faculty of Medicine, Charles University, Prague, Czech Republic* *; 3. Instituto de Salud Carlos III, Madrid, Spain*

**Background:** *Burkholderia contaminans (Bc)* is one of 19 species of the *Burkholderia cepacia* complex (*Bcc)* that can infect CF patients. While infection with the most prevalent *B. multivorans (Bm) and B. cenocepacia (Bccp)* is an established risk factor for a poor outcome, there is limited information for *Bc*.

**Methods:** In 15/212 (7%) patients with CF, *Bc* was isolated from Jan 2009 to Dec 2014. RecA gene sequence analysis was used for bacterial identification and multilocus sequence typing (MLST) for genetic diversity. Microbiological and clinical outcome until December 2015 were reviewed. Wilcoxon sign rank test was used.

**Results:** Eleven (73%) were female. Age at colonization with *Bc (cBc*) was 17.5 (7‐44.9); follow‐up after *cBc* was 3.7 (1‐6.3) years. Nine (60%) were under care at the Pediatric CF Centre. Patients with *Bc* were segregated from all other CF patients. MLST identified four different clones: 3 had ST102; 4, ST482; 2, ST771; and 6, ST404; all evenly infecting children and adults. Best FEV~1~%Pred on the year prior to *cBc* was 86 (45‐125). Four each had chronic bronchial infection (cbi) with *S. aureus* (3 children) and *P. aeruginosa* (all adults). Twelve (80%) were on nebulized colistin either for eradication therapy or cbi with *P. aeruginosa*. Ten (67%) including 5/6 adults had no change in their symptoms at *cBc* but five (three with ST404 and one each ST102 and ST482) had noted increased symptoms for weeks to months. Symptoms subsided in all following the start of long‐term nebulized ceftazidime 1g bid (Cft), and all 4 children had ≥10% absolute increase in FEV~1~%Pred within 2‐4 months. Five (4 adults) developed cbi with *Bc* over the first year after *cBc* and still had it in 2015. Eight (7 children) were *Bc*‐free in 2015 and two children had intermittent colonization. There was no significant difference in the annual change in the best FEV~1~ over two years prior to *cBC* (‐0.2 (‐5.5 ‐ +8)) vs 2 years after (+2.7 (‐2.5 ‐ +15)). There was also no difference in the annual number of exacerbations requiring IV antibiotics: 0.3±0.5 vs 0.035±0.12. Remarkably the annual total number of exacerbations decreased: 1.75±1.99 vs 0.82±0.82 (p\<0.005). FEV~1~ increased significantly within 4 months in the 13 patients being put on Cft : 90.2±27.5 vs 80.8±24.2 (p\<0.01).

**Conclusions:** *Bc* is an emerging multiresistant organism which can infect the airways of CF patients. An association of *cBc* with long‐term aerosol colistin was found. Bacterial DNA studies did not support extensive cross‐infection. Only a third progressed to cbi. No significant difference in the annual change of FEV1 was seen along two years after *cBc* and the annual number of exacerbations even decreased, but nearly all were put on Cft which was associated with short‐term significant improvement in the FEV1 and symptoms. We conclude that *Bcc* is less likely to be followed by cbi and to be associated with clinical and pulmonary function impairment as compared with *Bm* and *Bcpc*. Prospective multicenter studies are needed to further evaluate its clinical impact.

**428**

**WHAT FACTORS PREDICT FEV~1~ VARIABILITY IN CYSTIC FIBROSIS PATIENTS?**

[Morgan, W.J.]{.ul} ^1^; VanDevanter, D.R.^2^; Millar, S.^3^; Pasta, D.J.^3^; Konstan, M.^2^ *1. Pediatrics, University of Arizona, Tucson, AZ, USA* *; 2. Case Western Reserve University School of Medicine, Cleveland, OH, USA* *; 3. ICON Clinical Research, San Francisco, CA, USA*

**Background:** We have previously shown that variability in percent predicted FEV~1~ (ppFEV~1~) is highly predictive of subsequent lung function decline for patients with cystic fibrosis (CF). We subsequently found that pulmonary exacerbations (PEx) accounted for only a small proportion of overall variability. This analysis looks more broadly at potential predictors of ppFEV~1~ variability in CF.

**Methods:** Data from the Epidemiologic Study of CF (ESCF) was used to identify patients who had ≥3 FEV~1~ measurements spanning ≥6 months from 2004‐2005 (the outcome period) and ≥1 FEV~1~ in 2003 (the baseline period) and ≥1 encounters in each period. We focused on ppFEV~1~ variability as measured by the median deviation from the best ppFEV~1~. Multiple linear regression was used to relate ppFEV~1~ variability to potential predictors from the baseline period only, from the outcome period only, or from either the baseline or outcome period. Age in three‐year groups was required in all models.

**Results:** The multiple R using baseline period predictors was 0.27; using outcome period predictors was 0.40; and for baseline and outcome period predictors combined was 0.41. The ppFEV~1~ variability decreased fairly steadily from childhood to the 24 to 26 year old age group and was fairly flat thereafter. Predictors of greater variability included diagnosis year ≥1994, number of encounters, number of PEx treated with hospitalization and/or inhaled antibiotics, height/weight/BMI measures (especially range of measures within the outcome period), signs and symptoms (cough, crackles, sputum, clubbing), and microbiology status (*Pseudomonas aeruginosa*, methicillin‐resistant *Staphylococcus aureus*, and atypical mycobacteria).

**Conclusions:** Predictors of ppFEV~1~ variability included number of visits, number of PEx, nutritional status, signs and symptoms, and microbiology. Overall our ability to predict ppFEV~1~ variability even using contemporaneous measures was only fair. Given the association of variability with subsequent ppFEV~1~ decline, a better understanding of what contributes to the variability would be helpful. Some of the variability may be the result of unrecognized (and therefore untreated) PEx or poor adherence to care regimens. This analysis could not evaluate these potential predictors.

Supported by Genentech, Inc.

**429**

**INFANT LUNG FUNCTION TESTING: FIRST IN VIVO REPORT OF AN ALTERNATIVE MULTIPLE BREATH WASHOUT METHOD TO MEASURE LCI**

[Shawcross, A.]{.ul} ^1,2^; Murray, C.^1,2^; Kirkby, J.^3,4^; Miles, J.^3,4^; Pike, K.^3,4^; Aurora, P.^4,3^; Horsley, A.R.^1,5^ *1. Institute of Inflammation and Repair, Centre for Respiratory Medicine and Allergy, University of Manchester, Manchester, United Kingdom* *; 2. Department of Paediatric Respiratory Medicine, Royal Manchester Children\'s Hospital, Manchester, United Kingdom* *; 3. Lung Function Unit, Great Ormond Street Hospital for Children, London, United Kingdom* *; 4. Respiratory, Critical Care and Anaesthesia Section, Institute of Child Health, UCL, London, United Kingdom* *; 5. Manchester Adult Cystic Fibrosis Centre, Manchester, United Kingdom*

**Introduction:** The value of lung clearance index (LCI) is well recognised in children and adults. It is also a sensitive measure of lung disease in infants with cystic fibrosis (CF), with a potential role both in clinical practice and as a research outcome. However, measuring LCI in infants is technically challenging due to the need to accurately combine flow and gas measurements at rapid respiratory rates. There is no simple method of assessing lung function outside research laboratories in this population, but this is a topic of increasing importance as we look to improve long‐term outcomes for infants diagnosed by newborn screening, and facilitate access to new therapies for younger patients.

We have previously described an alternative method of performing multiple breath washout (MBW), in which expired gas is collected and analysed to derive functional residual capacity (FRC) and LCI without directly measuring flow. This eliminates one of the major technical challenges in infant MBW, whilst also reducing dead space of the system. This system has been demonstrated to be highly accurate in vitro, with a mean accuracy of FRC measurement to within 1%, down to FRC of 100mL (Shawcross A, et al. Pediatr Pulmonol. 2016;51:491‐7).

**Aim:** To assess the practical applicability and accuracy of this method in vivo.

**Method:** Healthy controls (infants without respiratory disease already undergoing a procedure requiring sedation), and infants with cystic fibrosis are undergoing MBW testing using this method. Practical applicability of the system is determined by the number of successful LCI tests and within‐subject repeatability. Comparison will also be made with LCI measurements obtained using a respiratory mass spectrometer, currently considered the gold standard for infant LCI measurement.

**Results:** To date, 7 healthy controls (mean age 53 weeks) and one infant with CF (age 55 weeks) have successfully undergone LCI measurement using this method. Mean LCI in controls was 6.81 (range 5.79‐7.91). Mean within‐subject CV was 6%. In the infant with CF LCI was 7.45 (CV 4%).

**Conclusion:** Preliminary data suggest this is a feasible and reproducible method of performing LCI in infants, with results falling within the normal range predicted from the mass spectrometer (Lum S, et al. Eur Respir J. 2013;41:1371‐7) and well within accuracy limits set by international guidelines (Robinson PD, et al. Eur Respir J. 2013;41:507‐22). This could provide a more accessible alternative to previously described systems, avoiding the pitfalls associated with direct measurement of flow in infants.

**430**

**LUNG CLEARANCE INDEX TESTING AND SATISFACTION COMPARED TO SPIROMETRY AND PLETHYSMOGRAPHY PERFORMED BEFORE AND AFTER HOSPITALIZATION FOR CYSTIC FIBROSIS PULMONARY EXACERBATION**

[Goetz, D.M.]{.ul} ^1^; Ma, C.^2^; Westley, M.^1^; Howard, B.^1^; Borowitz, D.^1^ *1. Pediatrics, State Univ. of New York at Buffalo, Buffalo, NY, USA* *; 2. Biostatistics, State Univ. of New York at Buffalo, Buffalo, NY, USA*

**Background:** Lung clearance index (LCI) is a measure of ventilation inhomogeneity based on tidal breathing, is increased in people with cystic fibrosis (CF) compared to normal subjects (Subbarao P, et al. Ann Am Thorac Soc. 2015;12:392‐9)^.^ and has been shown to improve (decrease) after treatment for CF pulmonary exacerbations (Robinson PD, et al. Pediatr Pulmonol. 2009;44:733‐42). Forced maneuvers generate FEV~1~% predicted, which usually improves (increases) during the same treatment period (Horsley AR, et al. Thorax. 2013;68:532‐9); however, the expected inverse correlation in FEV~1~% predicted and LCI is not always seen (Sonneveld N, et al. Eur Respir J. 2015;46:1055‐64). Patient satisfaction with LCI has not been previously reported. We aimed to compare the change in LCI to the change in FEV~1~% predicted before and after treatment for CF pulmonary exacerbation and to compare patient satisfaction with LCI compared to standard pulmonary function testing (PFT).

**Methods:** For this exploratory study, a convenience sample of subjects \> age 7 y, consecutively admitted to Women and Children\'s Hospital of Buffalo performed spirometry, plethysmography and LCI (in that order) at the beginning and end of hospitalization for CF pulmonary exacerbation after informed consent (and assent, when indicated) was obtained. Lung function tests were performed at least in duplicate. Satisfaction with testing was assessed with a five‐item questionnaire for each test at the beginning and end of hospitalization (1 = greatest satisfaction, 5 = least satisfaction) and a mean score was generated. Basic demographic information was collected. Paired t‐tests and Pearson\'s correlation coefficient were used to compare data.

**Results:** 25 patients with CF (9‐25 y) were enrolled between August 2014 and October 2015. 39% were F508del homozygotes and 48% were F508del heterozygotes; 57% grew *Pseudomonas* and 39% grew MRSA in sputum cultures. There were 23 unique subjects in the study (2 consented during 2 different hospitalizations), and 21 complete data sets. One subject withdrew consent before testing, one withdrew due to sinus pain after one LCI maneuver. Two subjects performed LCI at the beginning but not at end of hospitalization; their satisfaction data was still counted (one had vomiting before discharge test maneuvers and one did not want to participate on the discharge test). The time between tests was 8.7 d (range 5‐15 d). There was an average decline in LCI of 1.5 units (± 1.16, p \<0.01) and an increase in FEV~1~% predicted of 10.1% (± 9.6, p\< 0.01). There was a moderate inverse relationship between mean change in LCI and mean change in FEV~1~% predicted (r= ‐ 0.43, p\<0.01). There was better satisfaction with LCI vs PFT (average mean score 1.7 vs 2.8, indicating greater ease of performing test (p \< 0.01); patients reported less cough and trouble breathing performing LCI as compared to PFT.

**Conclusions**: LCI testing was well tolerated by children and young adults with CF. We found a moderate inverse correlation between LCI and FEV~1~%, however satisfaction with ease of testing was higher with LCI than with standard PFT.
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**SURVEY OF AUDIOLOGY TESTING IN CYSTIC FIBROSIS PATIENTS WHO RECEIVE AMINOGLYCOSIDES FOR THE TREATMENT OF ACUTE PULMONARY EXACERBATIONS**

[Huynh, H.Q.]{.ul} ^1^; Bhakta, Z.N.^1^; Gurgel, R.^2^; Young, D.C.^1^ *1. Pharmacy, University of Utah Hospitals and Clinics, Salt Lake City, UT, USA* *; 2. University of Utah Hospitals and Clinics, Salt Lake City, UT, USA*

**Background:** Cystic fibrosis (CF) is a genetic disorder that can lead to chronic bacterial colonization resulting in inflammation and destruction of the respiratory tract. Cystic fibrosis patients suffer from recurrent episodes of deterioration called acute pulmonary exacerbations (APE). Treatment of an APE includes IV antibiotic therapy, airway clearance therapy, and exercise. Aminoglycosides (AG) are frequently used to treat common pathogens associated with an APE (eg, *Pseudomonas aeruginosa*), which have been known to cause ototoxicity. Currently there are no specific guideline recommendations on screening for aminoglycoside‐induced ototoxicity. The Cystic Fibrosis Foundation (CFF) guidelines recommend periodic assessments for ototoxicity, but do not provide specific recommendations on the types and frequency of audiology screening.

**Objective:** The primary objective of this study is to characterize the audiology screening practices at CFF‐accredited pediatric and adult care centers in patients receiving AG therapy for an APE. Our study will also assess the need for a standardized audiology screening practice guideline. In addition, we will develop an audiology screening protocol at the University of Utah.

**Method:** A retrospective case series was performed at the University of Utah to assess the frequency of audiology screening performed in CF patients receiving aminoglycosides for an APE. In order to characterize audiology screening practices across the United States, a survey was created via REDCap™ and was e‐mailed to all CFF‐accredited care center medical directors or designated representatives. Recipients of the survey had an 8‐week period to complete the survey, with reminder e‐mails sent out every 2 weeks.

**Result:** The results of the retrospective case series demonstrated the rate of audiology screening at the University of Utah was approximately 3%. The response rate of the CFF‐accredited care center survey was 45% (n=54). Routine audiology screening was performed at approximately 26% (n=14) of the responding care centers, with 9 centers having a protocol. The frequency of audiology screening varied between annual, after every 2 to 4 courses of AG use, after every course of AG use, or at least annually if the patient has been admitted for an APE. The majority of the responding care centers performed high‐frequency pure‐tone audiometry (60%; n=9). Approximately 79% (n=42) of the responding care centers believe there is a need for standardized audiology screening practice guideline in CF patients receiving AG. Survey results were used to develop a protocol for audiology screening at the University of Utah, which was implemented in May 2016.

**Conclusion:** Audiology screening at CFF‐accredited care centers for CF patients receiving aminoglycoside therapy during an APE occurs at a low rate. There is a wide variability in types and frequencies of audiology tests performed at CFF‐accredited care centers. A high percentage of responding CFF‐accredited care centers believed there should be a clinical practice guideline for audiology screening in CF patients who have received AG for an APE.
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**CHARACTERISTICS OF PATIENTS WITH CYSTIC FIBROSIS USING TWICE‐ VS ONCE‐DAILY DORNASE ALFA REGIMENS**

Broder, M.S.^1^; Chang, E.^1^; Reddy, S.R.^1^; [Raimundo, K.]{.ul} ^2^; Holden, M.^2^ *1. Partnership for Health Analytic Research, LLC, Beverly Hills, CA, USA* *; 2. Genentech, Inc., South San Francisco, CA, USA*

**Introduction:** Dornase alfa has been shown to reduce the risk of respiratory infections and improve pulmonary function in patients with CF. The recommended dosage of dornase alfa is once‐daily (QD), although certain CF patients may benefit from a twice‐daily (BID) regimen. Little is known about how patients treated with QD or BID regimens differ.

**Methods:** This retrospective descriptive analysis of de‐identified commercial insurance claims data examined characteristics of patients with CF (ICD‐9‐CM: 277.0x) on BID vs QD dornase alfa regimens in the identification (ID) period (1/1/2009 -- 10/31/2011). We compared patients starting BID use to continuous users of QD dornase alfa. The first fill date of either BID or QD use in the ID period was defined as the index date. Patients not continuously enrolled in the 3 months before (baseline) or after (follow‐up) the index date were excluded. New vs continuous users were determined based on baseline medication use. Patient demographics, comorbidities, respiratory exacerbations, and treatment exposure (over 1 year) were compared between study groups. The database has no clinical variables, so exacerbations were defined as CF‐related hospitalizations or emergency department visits or use of IV/oral antibiotics. The analysis was repeated for the subset of patients ≥ 21 years old.

**Results:** We identified 170 BID and 175 QD users. Mean (SD) age for BID users was 24 years (14.1) vs 15.5 years (11.5, P\<.001) for those on a QD regimen. There were no imbalances in gender or geographic region between BID and QD users. BID users had a Charlson Comorbidity Index of 1.8 (1.8) vs 1.1 (1.5) for QD users (P\<.001). Rates of comorbidities were (BID vs QD): diabetes (17.1% vs 6.9%, P\<0.01), pancreatic insufficiency (71.2% vs 91.4%, P\<.001), *Pseudomonas* infection (55.3% vs 38.9%, P\<0.01), gastroesophageal reflux (14.1% vs 10.9%, P=0.359), chronic sinusitis (32.4% vs 12.0%, P\<.001), malnutrition (9.4% vs 7.4%, P=0.507), osteoporosis (1.8% vs 1.1%, P=0.681), and allergic bronchopulmonary aspergillosis (4.7% vs 0.6%, P=0.018). Baseline exacerbation rates were 69.4% (BID) and 61.7% (QD, P=0.133), and the mean number of exacerbations among patients with exacerbation was 2.4 (3.5) and 1.4 (1.7, P\<.001), respectively. Three‐month follow‐up exacerbation rates were 62.4% (BID) and 66.9% (QD, P=0.382), and the respective mean numbers of exacerbations among patients with exacerbation were 2.2 (4.2) and 1.4 (1.6, P=0.021). Annual mean (SD) days supply filled for each regimen was 132.5 (109.9, BID) vs 286.6 (91.3, QD) (P=\<.001). Results for patients ≥ 21 years were similar.

**Conclusion:** On average BID dornase alfa users were older than QD users and had higher rates of most comorbidities, including diabetes, *Pseudomonas* infection, and chronic sinusitis, and lower rates of pancreatic insufficiency. Overall exposure to QD treatment was about twice as long as BID treatment. Between‐group differences in rates of respiratory exacerbations were not statistically significant in baseline or follow‐up.
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**LUNG CLEARANCE INDEX WORSENS IN THE PRESENCE OF RESPIRATORY SYMPTOMS IN YOUNG CHILDREN WITH CYSTIC FIBROSIS**

[Hall, G.]{.ul} ^1,2,3^; Foong, R.E.^1^; Ramsey, K.^1,3,4^; Skoric, B.^5^; Harper, A.^1^; Clem, C.^6^; Davis, M.^6^; Turkovic, L.^1^; Stick, S.M.^7,1,3^; Davis, S.D.^6^; Ranganathan, S.^5^ *1. Telethon Kids Institute, West Perth, WA, Australia* *; 2. Curtin University, Perth, WA, Australia* *; 3. University of Western Australia, Perth, WA, Australia* *; 4. Cystic Fibrosis Research and Treatment Centre, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA* *; 5. Murdoch Children\'s Research Institute and Royal Children\'s Hospital, Melbourne, VIC, Australia* *; 6. Riley Children\'s Hospital, Indiana University School of Medicine, Indianapolis, IN, USA* *; 7. Respiratory Medicine, Princess Margaret Hospital for Children, Perth, WA, Australia*

**Introduction:** Ventilation distribution outcomes obtained from the multiple breath washout technique (MBW) are sensitive to structural lung damage, infection and inflammation in young children with cystic fibrosis (CF). The impact of respiratory symptoms on ventilation distribution outcomes, including lung clearance index (LCI), are unknown. We assessed the associations between recent respiratory symptoms and hospital admissions on ventilation distribution outcomes in young children with CF

**Methods:** Children with CF, aged 3 to 10 years, were recruited from within the AREST CF clinical trial (Perth and Melbourne) and the CF clinic of Riley Children\'s Hospital, Indianapolis. Ventilation distribution outcomes, including LCI, the 1st and 2nd moment ratios (MR1, MR2), and measures of convection‐dependent inhomogeneity and convection‐interaction‐ dependent inhomogeneity (S~cond~ and S~acin~, respectively) were measured. Hospital admissions in the last 3 months and recent (last month) and current respiratory symptoms were documented. The impact of the presence (binary; yes/no) of hospital admission and common symptoms (cough, cold, sputum) on ventilation distribution was assessed. Changes in MBW and symptoms outcomes over repeated visits were assessed using mixed effects models with random intercepts for repeated visits.

**Results:** Paired MBW and respiratory symptom data were available in 138 visits in 77 children (43 male) with CF \[mean (range) age 6.4 (2.8‐10.3) years\]. Children with current cough (n=63 visits) had an increased LCI (coefficient 0.49; 95% CI: 0.05, 0.93; p=0.029) and MR2 (0.81; 0.01, 1.62; p=0.049), with unchanged MR1, S~cond~ and S~acin~, compared to children without cough. Cough in the last month (n=77) was associated with increased LCI (0.64; 0.21, 1.08; p=0.004), MR2 (0.96; 0.17, 1.75; p=0.018) and S~cond~ (0.01; 0.00, 0.02; p=0.05) compared to children without recent cough. Current cold symptoms were associated with increased S~acin~ (0.29; 0.08, 0.51; p=\<0.01) while current sputum production was associated with worse S~cond~ (0.02; 0.01, 0.03; p=0.04). Hospital admission in the past 3 months was associated with significantly increased LCI (1.29; 0.53, 2.04; p=0.001), MR1 (0.24; 0.10, 0.39; p=0.001) and MR2 (2.12; 0.83, 3.41; p=0.001) with S~cond~ and S~acin~ unchanged.

**Conclusion:** Children with CF presenting with cough or recent hospital admissions have significantly worse ventilation distribution outcomes. The ability of ventilation distribution outcomes predict exacerbations or monitor treatment needs to be assessed.

**Grant Support:** NHMRC and USA CF Foundation.

**434**

**THE ROLE OF COMPUTED TOMOGRAPHY IN DIAGNOSING PULMONARY ARTERY HYPERTENSION IN CHILDREN WITH CF**

[Bin‐Hasan, S.]{.ul} ^1^; Al‐Saleh, H.^1^; Al Sabban, Z.^3^; Manson, D.^3^; Humpl, T.^2^; Ratjen, F.^1^ *1. Division of Respiratory Medicine, The Hospital for Sick Children, Toronto, ON, Canada* *; 2. Division of Cardiology, Hospital for Sick Children, Toronto, ON, Canada* *; 3. Department of Diagnostic Imaging, Hospital for Sick Children, Toronto, ON, Canada*

**Introduction:** Pulmonary arterial hypertension (PAH) is a recognized complication of advanced lung disease in patients with cystic fibrosis (CF). The exact prevalence is unknown given the invasive nature of cardiac catheterization; the gold standard method of diagnosing PAH. Early detection and management of PAH could improve outcomes in CF patients. The diameter of the main pulmonary artery (mPA) and the ascending aorta (Ao) can be readily measured on chest CT scans where both an enlarged mPA and an increased mPA:Ao ratio have been associated with PAH. In adults, the cut‐off for the mPA:Ao ratio in healthy subjects has been found to be 1, with ratio exceeding 1 being indicative of PAH. Recent data from our institution suggest that the upper limit of normal for this ratio is higher in children than in adults (1).

**Objectives:** To define the prevalence of PAH in pediatric CF patients based on measurements of the mPA:Ao ratio on chest CT scans using age‐appropriate reference data and to assess the relationship between the mPA:Ao ratio and lung function in CF.

**Methods:** A retrospective study of CF patients under the age of 18 years who underwent chest CT scan testing as part of their clinical evaluation and management at the CF clinic at the Hospital for Sick Children in Toronto between January 2005 to January 2015. Clinical characteristics, pulmonary function tests, and chest CT scans were recorded; for pulmonary function testing the best available FEV1 value within three months of the CT scan was used for analysis. The mPA diameter and the aortic (Ao) diameter were measured at the level of the bifurcation from the same chest CT scan as described before (1). Measurements were independently performed by two pediatric radiologists blinded to the pulmonary function results.

**Results:** A total of 30 patients were identified in whom chest CT scans were performed for clinical indications in this time period. The mean age (SD) for the patient group was 10 (3.9) years. The mean FEV1 for the group was 69.6 (23.9)% predicted. The mean (SD) mPA:Ao ratio in CF patients was 1.01 (0.16; range 0.66‐1.33). Using the adult cut‐off for the mPA:Ao ratio of \>1, 15 of the 30 patients (50%) would have met criteria for PAH. However, when the age‐appropriate cut‐off ratio of \>1.09 used, 11 of the 30 patients (36%) were found to be positive. Using linear regression analysis, no association was observed between the mPA:Ao ratio and age (p=0.52). Similarly, the mPA:Ao ratio showed no significant correlation with FEV1 percent predicted (p=0.72).

**Conclusion:** To our knowledge, this is the first study assessing the relationship between the mPA:Ao ratio (as a surrogate for PAH) and lung function (FEV1) in pediatric CF patients. Age appropriate referenced data reduce the prevalence of an increased mPA:Ao ratio; whether the mPA:Ao ratio predicts subsequent clinical outcomes requires further investigation.

**Reference:** Compton GL, et al. AJR Am J Roentgenol. 2015;205:1322‐5.
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**EFFECT OF NASAL INSUFFLATION ON CARDIORESPIRATORY LOAD DURING SLEEP IN CYSTIC FIBROSIS**

[Paranjape, S.M.]{.ul} ^1^; McGinley, B.M.^3^; Ortiz, L.E.^1^; Braun, A.T.^2^; Schneider, H.^2^ *1. Pediatric Pulmonology, JHU/APL, Baltimore, MD, USA* *; 2. Sleep Disorders Center, Johns Hopkins Medical Institutions, Baltimore, MD, USA* *; 3. Pediatric Pulmonology, University of Utah, Salt Lake City, UT, USA*

**Background:** Individuals with cystic fibrosis (CF) frequently report poor sleep and daytime fatigue. We have demonstrated increased respiratory rates and altered breathing patterns during sleep in children with CF compared to healthy controls that are independent of age, BMI, and lung function. With advanced CF lung disease, the work of breathing contributes significantly to pulmonary cachexia. We previously assessed the effect of High Flow Nasal Insufflation (HFNI) on respiratory patterns in children with obstructive sleep apnea (OSA) and found that HFNI reduced respiratory rate and effort during sleep. The purpose of this study was to assess the effect of HFNI during quiet wakefulness and sleep in individuals with advanced CF lung disease.

**Hypothesis:** We hypothesize that in individuals with CF, sleep imposes increased cardiorespiratory loads that are alleviated with HFNI.

**Methods:** During polysomnography (PSG), we analyzed cardiorespiratory loads and gas exchange in quiet wakefulness and NREM sleep during brief trials with HFNI turned on at 20 L/min and off alternating over 5 to 10 minutes. Changes in respiratory rate (*f*), tidal volume, oxygen saturation (SaO~2~), transcutaneous CO~2~ (tcCO~2~), and pulse rate were compared on and off HFNI.

**Results:** In this case series, three participants underwent PSG with alternating on/off HFNI trials. Mean age was 17.7±1.2 years. Mean FEV~1~ was 41±24% predicted. Mean BMI (*z*‐score) was 20±2.4 kg/m^2^ (‐0.51±0.89). Mean percentage of NREM sleep time was 91±8.8%. Mean AHI was 0.1±0.2 events/hr, indicating that none of the participants had OSA. All subjects showed moderate to severe tachypnea during quiet wakefulness (mean *f*=22±5 breaths/min) that increased during NREM sleep (mean *f*=27±6 breaths/min), consistent with our previously published findings. There was a 50.9% decrease in mean tidal volume, a 2.2% decrease in mean SaO~2~, and a 2.2% increase in tcCO~2~ from quiet wakefulness to NREM sleep. Compared to quiet wakefulness, HFNI decreased mean *f* by 11.1%, reduced mean pulse rate by 5.7%, and increased tidal volume by nearly twofold during NREM sleep. Moreover, HFNI increased SaO~2~ by 1.3% and decreased tcCO~2~ by 10.9%.

**Conclusions:** Our studies consistently demonstrate increased respiratory rate during sleep as a relevant disease biomarker. Individuals with severe CF lung disease exhibit increased cardiorespiratory loads during both quiet wakefulness and NREM sleep that are alleviated with HFNI during sleep. Furthermore, the use of HFNI to lessen cardiorespiratory loads during sleep may be associated with not only improvements in respiration and gas exchange, but also significant savings in the metabolic cost of breathing during sleep.

**Support:** This work was supported in part by CFF (SMP, PARANJ13A0) and NIH (HS, HL105546).
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**PULMONARY EXACERBATIONS AND CHANGES IN LUNG FUNCTION IN CF ADULTS WITH ***P. AERUGUINOSA*** TREATED WITH INHALED LEVOFLOXACIN (QUINSAIR^®^) OR TOBRAMYCIN**

[Fischer, R.]{.ul} ^1^; Flume, P.A.^2^; VanDevanter, D.R.^3^; Polu, K.^4^; Pecoraro, M.^4^; Bhatt, N.^4^; Elborn, J.S.^5^ *1. Cystic Fibrosis Center Munich‐West, Lungenheilkunde Munchen‐Pasing, Munich, Germany* *; 2. Medical University of South Carolina, Charleston, SC, USA* *; 3. Case Western Reserve University School of Medicine, Cleveland, OH, USA* *; 4. Raptor Pharmaceuticals, Novato, CA, USA* *; 5. Queen\'s University, Belfast, United Kingdom*

**Objectives:** Levofloxacin inhalation solution (LIS; Quinsair^®^) was recently approved by EMA for treatment of adults with cystic fibrosis and *P. aeruginosa* based on the results of a randomized, open‐label, three 28‐day on/off cycle non‐inferiority comparison (MPEX‐209) with tobramycin inhalation solution (TIS) in patients ≥12 years of age (Stuart EJ, et al. J Cyst Fibros. 2015;14:507‐14). Here we describe MPEX‐209 efficacy results among patients ≥18 years that were the basis for LIS approval.

**Methods:** Data from the MPEX‐209 ≥18 y patient subgroup were studied. Least‐squares (LS) mean differences in absolute change from baseline (BL) in forced expiratory volume in 1 second (FEV~1~) percent (%) predicted at end of "on‐drug" visits were determined by ANCOVA adjusting for region and baseline FEV~1~ (\<55%, ≥55% predicted). Time to pulmonary exacerbation (PEx) defined either by a) antipseudomonal antibiotic (ABX) treatment; or b) ABX treatment in the presence of 1 of 4 worse respiratory symptoms were compared between treatment groups using Cox proportional hazards with terms for treatment, region, and baseline FEV~1~ % predicted (\<55%, ≥55%).

**Results:** 84 adults received TIS and 170 received LIS. LS mean differences in absolute FEV~1~ change from BL (LIS minus TIS) were 1.0% predicted \[95%CI: --0.2, 2.3\] at Day 28, 1.9% predicted \[0.4, 3.4\] at Day 84 (P=.014), and 1.6 % predicted \[0.01, 3.1\] at Day 140 (P= .048). Patients receiving LIS were at reduced hazard of pulmonary exacerbation as defined by ABX treatment (Hazard Ratio 0.69, \[0.50, 0.96\] P= .028) and ABX treatment in the presence of symptoms (0.68 \[0.49, 0.96\] P= .023) (Figure).

**Conclusions:** Mean FEV~1~ change from BL at the end of each 28‐day treatment was greater for LIS than TIS patients, with statistically significant differences after the second and third treatment cycles. Adult patients receiving LIS were at lower hazard of PEx over the 24‐week study.
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Difference in time to PEx as first ABX treatment (black lines) and ABX treatment in the presence of symptoms (gray lines)

**437**

**IMPACT OF STOPPING SUSCEPTIBILITY TESTING FOR ***PSEUDOMONAS AERUGINOSA*****

[Ponce, M.C.]{.ul} ^1^; Flume, P.A.^1^; Steed, L.^2^ *1. Div. of Pulmonary, Critical Care and Sleep Medicine, Medical University of South Carolina, Charleston, SC, USA* *; 2. Dept of Pathology & Lab Medicine, Medical University of South Carolina, Charleston, SC, USA*

**Introduction:** *Pseudomonas aeruginosa* (PA) is a common pathogen in patients with CF and frequently the target of antibiotic therapy for pulmonary exacerbations (PEx). Standard of care is for clinicians to monitor sputum cultures to drive antibiotic choices. However, there is poor correlation between drug susceptibility test (DST) results and clinical outcome of treatment for PEx. Since 2015, our center has limited DST for PA to only once annually. The purpose of this study is to assess the impact of this change in practice on clinical outcomes in our patients.

**Methods:** Prior to 2015 PA DST was performed routinely every 3 months on outpatient isolates and the first isolate after admission or upon request of clinicians. Since 2015, DST was limited to only the first isolate of the year. We evaluated the number of cultures and DST for PA as well as clinical outcomes of patients the year before and after this change in practice. We included adults and pediatric patients in our analysis.

**Results:** The number of cultures performed in 2014 (n=540) and 2015 (n=579) was similar, as were the number of cultures positive for PA (261 \[48.3%\] vs 286 \[49.4%\]). However, the cultures which underwent DST were decreased by half (215 \[82.4%\] vs. 115 \[40.2%\]). This decrease in DST resulted in a savings of about \$90,000 in patient charges. The number of patients with at least one encounter in 2014 (n=250) and 2015 (n=245) was similar. The frequency of PEx was similar (1.02 vs 0.82 PEx/patient). The number of patients having at least one exacerbation per year was similar as well, 103 (41.2%) vs 87 (35.5%), p=0.19. The length of treatment was 14.8 days in 2014 and 2015. In average, patients were hospitalized for 10.1 days in 2014 and 9.7 days in 2015 for exacerbations.

**Conclusion:** Establishing a practice of limiting DST for PA resulted in a marked reduction in testing and likely yielding considerable cost savings. There is no apparent impact on the frequency of PEx in adult patients nor in their response to treatment.
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**LUNG FUNCTION PERCEPTION IN CYSTIC FIBROSIS**

[Forno, E.]{.ul}; Abraham, N.; Winger, D.; Kurland, G.; Weiner, D.J. *University of Pittsburgh, Pittsburgh, PA, USA*

**Background:** Inaccurate symptom perception contributes to morbidity and mortality in subjects with respiratory diseases.

**Objective:** To assess whether children with CF and their providers can accurately estimate lung function.

**Methods:** Children with CF seen in our center and CF providers were asked to *qualitatively* estimate their lung function in comparison to the prior visit (better/same/worse) and *quantitatively* estimate current FEV~1~ immediately before performing spirometry. Qualitative assessments were compared to actual FEV~1~ changes (better: FEV~1~ \>5% higher than prior; same: FEV~1~ within ±5%; worse: FEV~1~ \>5% lower than prior). Quantitative assessments were compared to current FEV~1~ (underestimate: estimate \>5% lower than actual FEV~1~; accurate: estimate within ±5% of FEV~1~; overestimate: estimate \>5% higher than FEV~1~). We then explored factors associated with these categories.

**Results:** A total of 107 CF patient/provider encounters were included (mean age \[SD\]=12.4 \[2.8\] years; 48.6% male). Patients thought their lung function was better than last visit ˜49% of times, the same 37%, and worse 14%; for providers, numbers were 24%, 56%, and 20%. Agreement between qualitative estimate and actual category was low for patients (ĸ=0.17) and moderate for providers (ĸ=0.43); patients‐provider agreement was also low (ĸ=0.27). Providers with more years of experience were better estimators (OR=1.06 \[95%CI=1.01‐1.12\] p=0.028); none of the other covariates (patient age, sex, race, months since last visit, or year\'s best FEV~1~) was associated with patient or provider accuracy.

Mean actual FEV~1~ was 90.6% (18.1), patient estimate 92.6% (17.3), and provider estimate 92.2% (17.6). Mean patient error was 2.1% (10) and mean provider error 1.7% (9.2). About 60% of patients were accurate estimators, 18% were underestimators, and 22% overestimators. For providers, numbers were 65%, 14%, and 21%. Patient‐provider agreement was moderate (ĸ=0.34, see Table). Longer visit interval was associated with greater error (patient β=2.3% \[1.6‐3.0\] p\<0.01; provider β=1.3% \[0.6‐2.1\] p\<0.01); experience was associated with slightly lower provider error (β=‐0.16% \[‐0.31, ‐0.01\] p=0.03).

In 5 cases (4.6%) both patient and provider *underestimated* FEV~1~; in 12 cases (11.2%) both *overestimated* FEV~1~ ("high risk" group). Longer interval between visits showed a nonsignificant trend towards higher odds of being in the "high risk" group (OR=1.31 \[0.95‐1.83\] p=0.09).

**Conclusions:** CF patients\' and providers\' perception of lung function is low to moderately accurate at best. Relying on subjective impression may place ˜5% of patients at risk of unnecessary treatments, and ˜11% of patients at high risk for increased morbidity. Longer visit interval was associated with higher risk of overestimating lung function. These findings highlight the importance of frequent objective lung function assessment rather than relying on patients\' or providers\' subjective impressions.
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**CHRONIC AZITHROMYCIN THERAPY IS NOT ASSOCIATED WITH PROLONGED QTC INTERVAL IN HOSPITALIZED CYSTIC FIBROSIS PATIENTS**

[Fitzpatrick, L.]{.ul}; Tripathi, A.; Mohammed, M.; Subramaniam, D.; Bromstedt, M.; Chen, G.; Lakkireddy, D.; Polineni, D. *The University of Kansas Health System, Kansas City, MO, USA*

**Background**: Chronic azithromycin therapy (CAT) is recommended in current guidelines for the treatment of patients with cystic fibrosis (CF) (Mogayzel PJ, et al. Am J Respir Crit Care Med. 2013;187:680‐9). Azithromycin use has been associated with electrocardiographic abnormalities including QTc prolongation, particularly when taken in combination with other QTc prolonging drugs (QTPD) (Albert RK, et al. Am J Respir Crit Care Med. 2014;189:1173‐80; Kezerashvili A, et al. J Interv Card Electrophysiol. 2007;18:243‐6). CF patients may be at increased risk of QTc prolongation and ventricular arrhythmias (VA) due to CAT, with or without the administration of additional QTPD often prescribed during treatment of CF pulmonary exacerbations.

**Methods**: We performed a retrospective review of telemetry recordings and medication use in CF patients admitted to a tertiary care medical center in 2014. CF patients with at least one telemetry recording during hospitalization were included in the study. The longest recorded QTc interval value was collected. Patient demographics, CAT at admission, and inpatient QTPD use were collected from the electronic medical record. Our primary objective was to evaluate differences in QTc interval in patients on CAT vs those not on CAT. Our secondary objectives were to evaluate the incidence of VA for patients on CAT vs those not on CAT, and the influence of additional nonazithromycin QTPD on QTc.

**Results**: We identified telemetry recordings from 40 CF patients with 57 hospitalizations in the year 2014. The study cohort was 48% male (n=19) with a mean age of 37 years (±13; range 21‐65 years). The mean length of hospital‐stay was 12 days (±6.3), and average length of telemetry was 5.4 days (±4.7). Patients were taking CAT on admission in 46% of hospital encounters (n=26). Only one patient had CAT discontinued at admission. Other QTPD commonly used in the cohort included ondansetron (63.2%), azole antifungals (24.6%), and fluoroquinolones (22%). There was no significant difference in the longest recorded QTc interval in patients on CAT vs those not on CAT (443 ± 29ms vs 443 ± 31ms, respectively; p=0.997). In a generalized linear model (GLM), there was no significant association between age, sex, or CAT with longest QTc (p=0.487; p=0.058; p=0.523 respectively). However, in a GLM assessing total number of QTPD (including CAT; range 0‐6), after adjusting for age and sex there was a significant association with longest QTc interval (β=7.3; 95% CI=1.3‐13.2; p=0.017). Six arrhythmias were noted in 6 patients during the study period, including 5 episodes of nonsustained ventricular tachycardia (ranging 5‐19 beats) and 1 episode of atrial fibrillation. There was no significant difference in the incidence of VAs for patients on CAT (n=3) vs those not on CAT (n=2) (p\>0.05).

**Conclusion**: Physicians are routinely faced with the question of discontinuing CAT when prescribing other QTPD to CF patients. Our findings demonstrate no significant difference in QTc based on CAT, however the cumulative number of QTPD should be monitored with caution. Future multicenter studies should be considered to validate these findings.
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**COMPARISON BETWEEN FREE BREATHING ULTRASHORT ECHO TIME MRI AND CT FOR LUNG EXAMINATION OF CF PATIENTS**

[Delacoste, J.]{.ul} ^1^; Chaptinel, J.^1^; Piccini, D.^1,2^; Rohner, C.^1^; Berchier, G.^1^; Sauty, A.^3^; Stuber, M.^1,4^; Beigelman‐Aubry, C.^1^ *1. Dept of Radiology, University Hospital (CHUV) and University of Lausanne (UNIL), Lausanne, Switzerland* *; 2. Advanced Clinical Imaging Technology, Siemens Healthcare, Lausanne, Switzerland* *; 3. Adult CF Multisites Unit, Hospital of Morges and Service of Pneumology, University Hospital (CHUV), Lausanne, Switzerland* *; 4. Center for Biomedical Imaging (CIBM), Lausanne, Switzerland*

**Objectives:** CF patients are exposed to repeated x‐ray and computed tomography (CT) examinations which may be problematic due to the cumulative radiation dose. Lung magnetic resonance imaging (MRI) appears as a promising alternative to CT and new methods such as ultrashort echo time (UTE) MRI have improved lung imaging quality. To avoid motion corruption of the images, breath holding or prospective gating of the acquisition to end expiration is usually used. Breath hold duration limits the acquisition duration and spatial coverage or resolution. Retrospective gating allows reconstruction of images in multiple phases of the respiratory cycle. In this work, we studied a new method to retrospectively sort the data acquired during free breathing to obtain whole‐lung coverage with a high isotropic spatial resolution. Diagnostic performance of this new MRI technique was compared to that of CT.

**Methods:** A 3D UTE MRI sequence was used to acquire data during free breathing in 6 adult CF patients for which CT images were available (CT acquired 1±1 year before MRI). A self‐gating method was used to reconstruct motion‐suppressed images (1.3 mm isotropic spatial resolution) at both end‐expiration and end‐inspiration. For each subject the Helbich‐Bhalla score was determined using the end‐inspiration MRI data and CT data independently. Spearman\'s ρ, intraclass correlation for consistency (ICC) and mean percentage error were computed.

**Results:** The average MRI data acquisition duration was 15±1 min. Severity of bronchiectasis and peribronchial wall thickening could be well assessed on MRI images. Helbich‐Bhalla scores were well correlated between both modalities (ρ = 0.72). Consistency between both methods was moderate (ICC = 0.49). This may be linked to the fact that average scores were 12% lower using MRI compared to CT.

**Conclusion:** In this preliminary report, encouraging correlations between UTE MRI and CT were observed for the assessment of proximal and distal airway disorders without requiring any breath holding or gating hardware for MRI examination. The Helbich‐Bhalla scores computed using MRI were on average lower than with CT but comparison is delicate because of the long time interval between both examinations (1 year on average).

**Acknowledgments:** Supported by the Fondation BCV and Swiss National Science Foundation grants 320030_143923 and 326030_150828.
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Sagittal slices showing left‐sided varicose bronchiectasis with mild bronchial thickening predominantly located at the level of the left upper lobe: a) CT, 3mm minimum intensity projection (mIP); b) MRI, 4.9mm mIP
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**EASE OF USE OF TOBRAMYCIN INHALATION POWDER COMPARED WITH NEBULIZED TOBRAMYCIN AND COLISTIMETHATE SODIUM: A PHASE IV CROSSOVER STUDY IN CYSTIC FIBROSIS PATIENTS WITH ***PSEUDOMONAS AERUGINOSA*** INFECTION**

Greenwood, J.^1^; [Schwarz, C.]{.ul} ^2^; Sommerwerck, U.^3^; Nash, E.F.^4^; Tamm, M.^5^; Cao, W.^6^; Mastoridis, P.^6^; DeBonnett, L.^6^; Hamed, K.^6^ *1. Liverpool Heart and Chest Hospital, Liverpool, United Kingdom* *; 2. Charité--University Medicine Berlin, Berlin, Germany* *; 3. University Hospital Essen, Essen, Germany* *; 4. Heart of England NHS Foundation Trust, Birmingham, United Kingdom* *; 5. University Hospital, Basel, Switzerland* *; 6. Novartis Pharmaceuticals Corporation, East Hanover, NJ, USA*

**Introduction**: Administration of tobramycin inhalation solution (TIS) and colistimethate sodium (COLI) via nebulizers is complex and time consuming. Although treatment burden with nebulized therapies is documented, no clinical studies on ease of use of inhaled antibiotics have been performed to date. This study compared the ease of use of tobramycin inhalation powder (TIP) administered via T‐326 inhaler with TIS or COLI, both administered via nebulizers, for treating chronic pulmonary *Pseudomonas aeruginosa* infection in patients with cystic fibrosis (CF).

**Methods:** This was an open‐label, crossover, interventional Phase IV study of approximately 20‐week duration, consisting of a screening visit (Visit 1), cycle 1 (Visits 2 and 3), and cycle 2 (Visits 4, 5, and 6). CF patients aged ≥6 years with FEV~1~ ≥25% to ≤90% of normal predicted values were assigned to 1 of 3 treatment arms (COLI/TIP; TIS/TIP; TIP/TIP) in cycle 1 based on patient\'s usual inhaled antibiotic treatment. All patients were crossed over to receive TIP in cycle 2. Each cycle consisted of a 28‐day on‐treatment period followed by a 28‐day off‐treatment period. The study primarily compared the total administration time (time required to set up the device, administer the drug, and clean the device) of TIP via T‐326 inhaler to that of TIS or COLI via nebulizers. Treatment satisfaction was evaluated by Treatment Satisfaction Questionnaire for Medication (TSQM) and Chronic Treatment Acceptance (ACCEPT) questionnaire. Safety parameters were also assessed.

**Results:** A total of 60 patients (mean \[SD\] age, 27.6 \[8.40\] years) were assigned to treatment arms as follows: TIS/TIP (n=14); COLI/TIP (n=28); TIP/TIP (n=18). The mean total administration time in cycle 1 vs cycle 2 for TIS/TIP, COLI/TIP, and TIP/TIP arms was 37.0 min vs 5.0 min, 16.4 min vs 3.8 min, and 4.2 min vs 3.4 min, respectively. The difference in mean total administration time was significantly shorter in cycle 2 (after crossover to TIP) than in cycle 1 for TIS/TIP (‐32.7 min, P=0.0112) and COLI/TIP (‐13.3 min, P=0.0016) arms. The median TSQM scores for the convenience domain were high (TIS/TIP, 63.9; COLI/TIP, 61.1; TIP/TIP, 77.8) at cycle 1 and were either improved (TIS/TIP, 77.8; COLI/TIP, 83.3) or sustained (TIP/TIP, 77.8) at cycle 2. The scores for the ACCEPT questionnaire followed a similar pattern. Treatment‐related adverse events in cycles 1 and 2 were reported in 4 and 8 patients, respectively; majority of which were mild or moderate in intensity.

**Conclusion**: The significantly lower administration/cleaning time and improved TSQM/ACCEPT scores suggest that TIP is easy to use in CF patients treated for pulmonary *P. aeruginosa* infection. The safety results observed for TIP in this study were generally consistent with its established safety profile.

Study was sponsored by Novartis Pharma AG.
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**PREVALENCE OF RESTLESS LEGS SYNDROME (RLS) IN CYSTIC FIBROSIS (CF) PATIENTS**

[Bista, S.R.]{.ul} ^1^; Smith, L.^2^; Murphy, P.J.^1^; Dickinson, J.^1^ *1. Internal Medicine, University of Nebraska Medical Center, Omaha, NE, USA* *; 2. College of Public Health, University of Nebraska, Omaha, NE, USA*

**Background:** Restless legs syndrome (RLS) is a sensorimotor disorder and a clinical diagnosis characterized by an urge to move legs, or other body parts that begins, or worsens during rest or inactivity, is relieved by movement, and occurs primarily in the evening. The prevalence is 7‐11% in the generalized population, but higher in chronic medical conditions like rheumatological disorders and chronic obstructive pulmonary disease (COPD). Iron deficiency, and dysfunctions in iron metabolism and dopamine regulation are hypothesized to play a role in the disease pathogenesis. Cystic fibrosis (CF) leads to multisystem disease including chronic inflammatory lung disease. RLS has a wide range of severity from mere annoyance to severe enough disturbance in sleep and quality of life to warrant treatment. Sleep complaints are common in CF patients. To date, RLS symptoms and prevalence have not been extensively investigated in the CF population.

**Objective:** To evaluate the prevalence and severity of RLS in patients with CF and to investigate the factors associated with RLS among adults with CF.

**Methods:** A total of 75 adult patients with CF and 75 control participants without CF were enrolled. The RLS survey was administered by a single member of the research team who is a board‐certified sleep physician. A diagnosis of RLS was made according to the International RLS Study Group (IRLSSG) criteria. Study subjects with 4/4 criteria were classified as definitive RLS. Significant RLS was defined as symptoms occurring more than twice per week and with at least moderate distress. Epworth sleepiness scale (ESS) was used to assess excessive daytime somnolence. Risk factors evaluated included: lung function at the time of enrollment (%FEV1), CFTR genotype, age, sputum microbiology, antibiotic use days in the preceding year, presence of CF‐related diabetes (CFRD), hemoglobin A1c, serum hemoglobin, vitamin D level, age, sex, body mass index (BMI), and family history of RLS.

**Results**: RLS was significantly more prevalent in CF patients than in controls (36% vs. 14.7%; *p* = 0.0027). This significance was maintained when controlling for BMI, age, sex, ESS score, and RLS family history. Of those with RLS, 26% had significant symptoms compared to none in the control group. There was a trend towards increased antibiotic use days, and lower BMI and lung function in those with significant RLS, but these did not reach statistical significance. Among covariants analyzed, sputum microbiology, CFTR mutation type, CFRD, vitamin D levels, and hemoglobin did not predict for the development of RLS. Multivariate logistic regression of all subjects showed that ESS score was the only factor predictive of RLS after adjusting for covariates and CF status.

**Conclusions**: RLS is highly prevalent in CF patients, adds to the disease burden, and should be specifically investigated as part of overall management to improve quality of life. Our data from a single center suggest that significant RLS is more prevalent in CF, and may be associated with advanced disease. Larger studies from multiple CF sites are needed to adequately power for analysis of those with RLS with significant symptoms.
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**LUNG FUNCTION DYNAMIC PHENOTYPES USING NONLINEAR MODELING OF FEV1**

Conrad, D.J. *Medicine, UC San Diego, San Diego, CA, USA*

**Introduction:** Modeling lung function over time in CF is important to assess severity of acute illness and disease risk. Spirometry is easy to obtain, reproducible and poses minimal risks to the patient. Linear modeling of lung function and generation of lung function quantiles have been useful in assessing genomic/genetic disease risk. However, linear modeling is less useful in studies that require short‐term modeling of lung function such as metabolomics and metagenomic investigations. We modeled FEV1 changes with median quantile splines, captured the variation in these splines using 9 variables and then created lung function dynamic phenotypes.

**Methods:** All subjects followed in the adult CF clinic (n=177) who signed consent and had more than 4 spirometry studies during calendar years 2012‐14 were included in the study. A median quantile spline was fitted for each patient (R package qsreg). For each spline, the period between the first and most recent FEV1 was divided into 1000 intervals. The values of the median spline as well as the first and second derivative were calculated for each of these intervals. For each patient the following variables were calculated: a) the effective degrees of freedom of the spline; b) the number of local maxima and minima of the spline, first derivative and second derivative; c) the range between the 5th and 95th percentile values of the spline, first derivative and second derivative; d) the median value of the first and second derivatives. After correlating these 9 variables with clinical parameters, classes of the dynamic lung function variables were created and correlated with clinical phenotypes using published protocols (Conrad DJ, Bailey BA. PLoS One. 2015;10(3):e0122705). These were then correlated to physiological, clinical variables and clinical phenotypes.

**Results:** In many subjects, the median quantile spline identified short‐term variation in lung function that resulted from important clinical events. None of the nine individual lung function dynamic variables correlated significantly with demographic or clinical variables such as (FEV1, height, weight, BMI, age, gender etc.). FEV1 dynamic classes were then generated with these nine variables forming 3 groups with classification error rates of about 10%. This strategy identified stable, intermediate and hypervariable FEV1 dynamic phenotypes. The stable FEV1 dynamic phenotype was seen more frequently than expected in a CF clinical phenotype D which is a male‐dominated phenotype with excellent lung function and nutritional status. The intermediate and hypervariable phenotypes were seen in two female‐dominated clinical phenotype groups with either good lung function (clinical phenotype C) and worse FEV1 (clinical phenotype E). Phenotype C is clinically unstable and these patients have a low incidence of *Pseudomonas* and higher incidence of combined MSSA and *Aspergillus* airway infections.

**Conclusions:** Nonlinear modeling of FEV1 using median quantile splines is more useful in picking up clinically relevant short‐term variation of lung function compared to standard linear modeling. Furthermore, creating classes of lung function dynamic variables identified stable and hypervariable phenotypes and was very useful in further characterizing published clinical phenotypes.
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**CLINICAL UTILITY OF SPUTUM INDUCTION TO DETECT INFECTION AND ASSESS SUCCESS OF ERADICATION IN NONEXPECTORATING CHILDREN WITH CYSTIC FIBROSIS**

[Collins, N.]{.ul} ^1^; Steele, L.^1^; Irving, S.^2^; Carr, S.B.^2^; Davies, J.C.^2,3^ *1. Physiotherapy, Royal Brompton Hosp, London, United Kingdom* *; 2. Paediatric Respiratory Medicine, Royal Brompton Hosp, London, United Kingdom* *; 3. Gene Therapy, Imperial College, London, United Kingdom*

**Background:** Early detection of organisms such as *Pseudomonas aeruginosa* (PA) in CF is essential for successful eradication. Detection, however, is difficult in nonexpectorating children as it relies largely on cough swabs (C/S) with suboptimal sensitivity and specificity (UK Cystic Fibrosis Trust Antibiotic Working Group, 2009, 3rd ed). C/S are also not very useful in detecting nontuberculous mycobacteria (NTM) (Ahmed B, et al. Arch Dis Child. 2012;97:854‐5). Sputum induction (SI) has been found to be safe, feasible, and have a higher rate of positive bacterial culture than same‐day C/S (Jochmann A, et al. Pediatr Pulmonol. 2015; doi:10.1002/ppul.23366). We are increasingly using SI in nonexpectorating children both to detect infection and assess the response to an eradication intervention.

**Objectives:** To compare culture results from SI and same day C/S and assess impact on treatment decisions.

**Methods:** Children with CF were referred for SI if: a) infection was suspected despite negative C/S cultures, or b) to confirm if eradication treatment was successful. After C/S and bronchodilator, 7% hypertonic saline was nebulised via an ultrasonic Ultraneb (DeVilbiss Healthcare) for 15 min. Spirometry was performed pre‐, post‐ and at 5‐min intervals throughout inhalation in children old enough to perform the maneuver. O~2~ saturation was monitored and auscultation performed. Sputum was collected. Children unable to expectorate received an oropharyngeal (OP) suction. Samples were sent for microscopy, culture and sensitivity, fungal and AFB analysis.

**Results:** 85 patients, mean age 9.1y (range 1.3‐15.9y), 34 male, completed SI. 68 were old enough to perform spirometry and had a median FEV~1~ of ‐1.79 z scores (79%) (range ‐5.74 (25%) ‐ 1.48 (118%)). 59/85 (69%) patients managed to expectorate sputum during SI and 26/85 (31%) received OP suction. 54 patients were referred due to reason a) and 31 were referred due to reason b) above. 35 patients (41%) had positive bacterial, fungal or NTM growth on SI (PA 11, *S. aureus* 9, *Aspergillus* 7, NTM 9, other bacteria 7; 8 patients grew \> 1 organism on SI) of whom only 3 (9%) grew the same organism on the preceding C/S. 1 patient had a positive C/S but negative SI. The result of the SI informed clinical management in 40/85 (47%) patients. 24 patients were referred for SI to check for eradication of PA (grown on a previous C/S) following treatment. 21/24 (88%) were clear of PA on SI and remained negative as determined by C/S at 3 months. 2/24 (8%) were clear of PA on SI but regrew it within 3 months, 1/24 (4%) grew PA on SI and in both situations had to recommence treatment or be admitted for IV antibiotic therapy.

**Conclusion:** SI has a higher rate of positive culture than same‐day C/S and can identify NTM which cannot be obtained from a C/S. No growth on SI is a good predictor of successful eradication of PA following antibiotic therapy at 3 months. SI is thus a useful test and should be incorporated into the clinical management armory for both the deteriorating patient and after eradication therapy having informed clinical management in almost half of the patients referred.
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**CLINICAL OUTCOMES OF OUTPATIENT MANAGEMENT OF PULMONARY EXACERBATIONS IN CHILDREN WITH CF**

[Hoppe, J.]{.ul} ^1^; Wagner, B.^2^; Accurso, F.J.^1^; Sagel, S.D.^1^; Zemanick, E.^1^ *1. University of Colorado School of Medicine, Aurora, CO, USA* *; 2. Biostatistics and Informatics, University of Colorado Denver, Aurora, CO, USA*

**Introduction:** Pulmonary exacerbations are common in children with CF and are frequently treated in the outpatient setting with oral antibiotics. There are limited data detailing characteristics of these exacerbations and changes that occur with oral antibiotics. We sought to prospectively determine changes in lung function and sputum bacterial colony counts in a cohort of children with CF treated with oral antibiotics in the outpatient setting for a pulmonary exacerbation.

**Methods:** Patients ages 8‐18 years prescribed oral antibiotics for a pulmonary exacerbation were enrolled. Subjects were seen for the first visit within 48 hours of starting antibiotics. Spirometry, pre‐ and post‐bronchodilator, was performed and a sputum sample, expectorated or induced, was obtained for quantitative microbiology and viral testing. All subjects completed two weeks of oral antibiotics. A second visit was performed within one week of completing antibiotics and spirometry and quantitative sputum microbiology were repeated. We intend to capture pre‐and post‐exacerbation data from 30 subjects.

**Results:** To date, 22 patients \[median age (range) = 14 y (8‐18 y); 13M: 9F\], have been enrolled and completed pre‐and post‐antibiotic study visits. The median baseline FEV~1~ based on the highest FEV~1~ in the 6 months prior to the first visit, was 95% predicted, which is comparable to the median FEV~1~ for patients 6 to 17 years of age at our CF center (95.2%). At exacerbation onset, the median FEV~1~ for this cohort was 84% predicted, representing a median decrease in FEV~1~ of 10% predicted prior to antibiotic therapy (range: ‐45% to 4%, p \<0.01). FEV~1~ improved by a median of 10% predicted (range: ‐8% to 31%, p \< 0.01) at completion of treatment. FEV~1~ percent predicted did not improve to 95% or greater of baseline FEV~1~ values in 7 out of 21 subjects (95% CI: 13.2‐53.5%). Viruses were identified in 8 subjects (36% of samples, 95% CI: 16.3‐56.5%). The primary bacteria identified on sputum culture were methicillin‐sensitive *Staphylococcus aureus* (50%), *Pseudomonas aeruginosa* (36%), methicillin‐resistant *S. aureus* (23%), and *Haemophilus influenzae* (9%). Quantitative microbiology culture results are available for fifteen subjects at the two time points. In these subjects, density of the dominant‐detected bacteria decreased by 0.82 log~10~ cfu/mL (‐8 log~10~ to 2 log~10~, p=0.07).

**Conclusions:** Treatment of pulmonary exacerbations with outpatient antibiotics was associated with improvement in FEV~1~. The median improvement is similar to a previously reported study of exacerbations treated with IV antibiotics (Sanders DB, et al. Pediatr Pulmonol. 2010;45:127‐34). One‐third of patients did not improve to within 95% of baseline FEV~1~, which is similar to those that failed to return to baseline FEV~1~ with IV antibiotics (23.1%) (Sanders DB, et al). There is a trend to suggest a decrease in bacterial density. However, the range is large suggesting wide variability in antibiotic response.
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**LUNG CLEARANCE INDEX IN INFANTS ARE CONSISTENTLY HIGHER USING N~2~ VS SF~6~ AS TRACER GAS**

[Lindblad, A.]{.ul} ^3^; Rosberg, M.^2^; Gustafsson, P.^1^ *1. Dept of Pediatrics, Kärnsjukhuset, Skövde, Sweden* *; 2. Clinical Physiology, Queen Silvia Children\'s Hospital, Gothenburg, Sweden* *; 3. Dept of Pediatrics, Queen Silvia Children\'s Hospital, Gothenburg, Sweden*

**Background**: Nitrogen multiple breath washout (N~2~ MBW) can now be performed with commercial equipment (Exhalyzer D, Eco Medics) in children from age 6 years and above but has not been evaluated in children below 3 years.

**Methods:** N~2~ MBW and SF~6~ MBW using mass‐spectrometry were performed in 26 children (age 1.45 (0.65) years with CF, bronchopulmonary dysplasia or oesophageal atresia. N~2~ MBW was undertaken with or without priming with 30% O~2~ before N~2~ MBW. Chlorate hydrate 70‐90 mg/kg was used for sedation. A mean of three washouts was aimed for at each testing. The lung clearance index (LCI) was used to assess ventilation distribution efficiency. Both equipment had similar pre+postcapillary dead space (DS) with no filters used of 4.5 and 5.5 mL respectively.

**Results:** Mean (SD) LCI for SF~6~ was 7.20 (0.84) while LCI N~2~ was 9.10 (1.72) (p\<0.001). FRCSF~6~ and FRCN~2~ did not differ significantly different (195 (49) mL vs 201 (56) mL). Tidal volumes while using 100% O~2~ as washout gas were significantly lower compared to using SF~6~ as tracer gas (72 (22) vs 83 (19) mL (p\>0.01). CEV (SF~6~) was 1.384 (0.398) L vs. CEV(N~2~) of 1.846 (0.643) L (p\<0.001). These differences did not change significantly with tidal volumes after priming with 30% O~2~ being 74 (24) mL with LCI being even higher (9.45 (2.01)).

**Conclusion:** N~2~ MBW produces markedly higher LCI values than SF~6~ MBW (approximately +2 units). Similar results were obtained after priming the child with 30% O~2~ suggesting that this priming is not enough to normalize tidal breathing. Possible explanations might be release of tissue N~2~ due to the relatively high cardiac output in young children, or smaller tidal volumes during pure oxygen breathing decreasing the alveolar ventilation and thereby increasing the number of breaths and CEV or a combination of both.
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**IMPROVED QUANTIFICATION IN MRI THROUGH DICTIONARY‐BASED MATCHING: IMPLICATIONS FOR REDUCED RESPIRATORY MOTION ARTIFACTS IN CF PATIENTS AND CF MICE**

[Anderson, C.]{.ul} ^1^; Gao, Y.^1^; Donnola, S.^2^; Kavran, M.^2^; Drumm, M.L.^3,4^; McBennett, K.^4,5,6^; Darrah, R.M.^3,7^; Flask, C.A.^1,2,4^ *1. Biomedical Engineering, Case Western Reserve Univ., Cleveland, OH, USA* *; 2. Radiology, Case Western Reserve Univ., Cleveland, OH, USA* *; 3. Genetics, Case Western Reserve Univ., Cleveland, OH, USA* *; 4. Pediatrics, Case Western Reserve Univ., Cleveland, OH, USA* *; 5. Rainbow Babies and Children\'s Hospital, Cleveland, OH, USA* *; 6. Medicine, Case Western Reserve Univ., Cleveland, OH, USA* *; 7. Nursing, Case Western Reserve Univ., Cleveland, OH, USA*

**Background:** Imaging has the potential to be a powerful tool in the care and monitoring of CF patients. Quantitative MRI holds promise as a safe, noninvasive method for performing measurements of lung disease. One major challenge for MRI in the lungs is artifacts caused by respiration motion. Manual breathholds are typically used to limit motion artifacts, but can be impractical in patients with advanced lung disease or in infants. Magnetic Resonance Fingerprinting (MRF), a novel quantitative MRI method, has demonstrated motion insensitivity in both clinical and preclinical applications (Ma D, et al. Nature. 2013;495:187‐92; Gao Y, et al. NMR Biomed. 2015;28:384‐94). In this study, we evaluate the MRF‐based dictionary matching process with respect to reducing the impact of respiratory motion artifacts in MRI quantification.

**Objective:** To assess the impact of MRF‐based dictionary matching on respiratory motion artifacts in T1 relaxation time estimation.

**Methods:** Numerical simulations were used to model a conventional Inversion‐Recovery Look‐Locker (IR‐LL) T1 relaxation time MRI acquisition using a numerical Shepp‐Logan phantom. The simulated IR‐LL MRI data were corrupted with respiratory motion "spikes" and stochastic noise to represent real lung MRI data. Quantitative T1 relaxation time maps were estimated using a dictionary‐based matching process as well as a conventional least‐squares error fit to the simulated data. Simulations were performed with respiratory motion artifacts alone or in combination with stochastic noise. The simulation experiment was repeated 50 times to calculate a mean and standard deviation of the T1 error for a range of T1 values.

**Results:** With respiratory motion artifacts only, the dictionary match resulted in significantly reduced errors of 31.1±154.8 ms (\<2.8%) compared to the standard exponential fit error of 148.6±100.7 ms (\>12.9%) (p\<0.0001). The combination of respiratory motion artifacts and noise resulted in larger errors for both estimation methods. However, the errors for the dictionary‐based matching process remained smaller than for the exponential fit (T1 error = 137.8±186.8 ms (\<12.0%) vs. 224±140.3 ms (\>19.4%), p\<0.001).

**Conclusions:** This initial simulation study demonstrates that dictionary‐based matching algorithms employed for Magnetic Resonance Fingerprinting result in significantly reduced errors from respiratory motion artifacts in comparison to conventional fitting techniques. These results are consistent with prior studies qualitatively describing the motion insensitivity of MRF. Importantly, these results suggest the opportunity of using a dictionary‐based matching process for accurate quantification during free‐breathing MRI studies which could directly limit the need for anesthesia in patients.
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**USE OF IN‐CLINIC CHALLENGE DOSING TO ASSESS SAFETY AND TOLERABILITY OF LUMACAFTOR/IVACAFTOR (L/I)**

[Wang, J.]{.ul} ^2^; Lester, M.K.^1^; Benitez, D.^1^; Rao, A.^3^; Beringer, P.^2^ *1. Keck Medical Center of USC, Los Angeles, CA, USA* *; 2. School of Pharmacy, University of Southern California, Los Angeles, CA, USA* *; 3. Pulmonary Critical Care and Sleep Medicine, Keck School of Medicine, Los Angeles, CA, USA*

**Background:** L/I improves lung function and reduces exacerbation frequency in patients homozygous for F508del; however, worsening respiratory symptoms have been reported in some individuals. In addition, there is a lack of data in patients with severe lung disease (predicted FEV~1~ ≤40%). The purpose of this study is to evaluate the safety and tolerability of L/I including patients with severe lung disease.

**Methods:** This is a retrospective, single center, descriptive study of all patients who were started on L/I at USC/Keck CF Clinic. In clinic drug challenge and monitoring was performed by a pharmacist and respiratory therapist. Peak flows (PF) and Borg scores were performed at baseline and at periodic intervals after the challenge dose to assess for tolerability. Follow‐up visits were performed for the assessment of any side effects.

**Results:** A total of 28 patients were initiated on L/I at our center, 6 of which were initiated without observation. Median age was 31 years old, with 50% being males, and a median BMI of 22 kg/m^2^. Seven (25%) patients had FEV1%pred of ≤40, with 4 (66%) of these patients starting under an observed setting. Twelve (43%) patients subjectively noted slight increased work of breathing or chest tightness following the first Orkambi dose with improvement after albuterol administration. There was no observed change in the median peak flow or Borg score; however, five patients (18%) experienced PF reductions (range 4‐12% decrease) and symptoms requiring albuterol administration. Increases in Borg scores (0.5‐1.5) were noted in 4 patients (14%). All patients went home with full dose or FDA‐approved dosage adjustment based on DDIs or hepatic impairment. Ten (36%) patients have discontinued L/I, 3 (30%) of which were initial patients who started Orkambi and did not undergo any observed dosing. The other 7 (70%) patients discontinued due to: rash and swelling of the face, respiratory intolerance vs exacerbation, compliance to lab follow‐up and appointments, increased anxiety, and 3 with persistent respiratory intolerance/tightness to lumacaftor/ivacaftor. Discontinuation of L/I was greatest in patients with severe lung disease (5 of 7 patients with FEV~1~ ≤40%).

In order to improve the tolerance of L/I we initiated slow dose titration in one patient and coadministration of prednisone in another. Both of these patients have since discontinued L/I due to respiratory intolerance/tightness.

**Conclusions:** Subjective reports of adverse respiratory symptoms with the initiation of lumacaftor/ivacaftor, are common. Changes in peak flow or Borg score are uncommon suggesting symptoms are more subjective in nature and could be overcome with a slower dose titration or increased bronchodilator usage, particulary in those with severe lung disease.
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**CHANGES IN CYSTIC FIBROSIS SPUTUM NEUTROPHIL ELASTASE ACTIVITY AND RHEOLOGY DURING PULMONARY EXACERBATIONS**

[Kummarapurugu, A.B.]{.ul} ^1^; Levit, S.L.^2^; Tang, C.^2^; Ma, J.^1^; Bradley, J.^1^; Rubin, B.^1^; Voynow, J.^1^ *1. Pediatrics, Children\'s Hospital of Richmond, Virginia Commonwealth University, Richmond, VA, USA* *; 2. Chemical and Life Science Engineering, Virginia Commonwealth University, Richmond, VA, USA*

**Rationale:** Despite aggressive therapy for pulmonary exacerbations, the overall course of cystic fibrosis (CF) lung disease is relentless progression. CF lung disease severity directly correlates with airway neutrophil elastase (NE) activity. The current paradigm is that sputum NE is decreased following treatment for pulmonary exacerbations. However, published reports demonstrate that inhaled dornase increases NE activity in CF sputum. Therefore, increased mucolytic therapy during treatment for pulmonary exacerbations may paradoxically increase NE activity promoting CF lung disease progression.

**Hypothesis:** Despite clinical improvement of CF patients following treatment for pulmonary exacerbations, observed as increased FEV~1~ and decreased sputum viscoelasticity, sputum NE activity may be increased.

**Methods:** This is a retrospective study of nine CF subjects over ten hospitalizations. The subjects provided consent for participation in the VCU Sputum Biorepository. Sputum was collected and spirometry performed during hospital or home intravenous antibiotic therapy. Following removal of saliva, sputum aliquots were stored frozen at ‐80°C. Sputum was thawed and divided for rheology and biomarker analysis. Rheological analysis was performed on a DHR‐3 stress‐controlled rheometer (TA instruments) using a 2‐mm aluminum parallel plate geometry at 25°C. The viscous (G\'\') and elastic (G\') moduli at 1% strain and 1 rad/s were reported. For NE analysis, sputum was diluted with normal saline (1:1; W:V), mixed, incubated at 37°C for 2h, and centrifuged. NE activity was quantified in the supernatant by spectrophotometric assay using the NE substrate Suc‐Ala‐Ala‐Pro‐Val‐P‐nitroanalide. To test whether mucolytic or hyperosmolar therapies affect NE activity, additional sputum samples were diluted with normal saline with or without dornase alfa (0.01‐0.3 mg/m:), or hypertonic saline (HS; 3.5 and 7% NaCl) or mannitol (3.5%) (W:V) and sputum supernatant NE activity was measured. To our knowledge the impact of hyperosmolar therapies, including HS and mannitol, on NE activity in sputum has not previously been reported.

**Results**. There was a significant increase in FEV~1~% predicted and a significant decrease in G\' and G" from admission to discharge. In five hospitalizations, there was an increase in NE activity; there was no change or a slight decrease in NE activity in the other patient samples. In vitro, sputum treatment with dornase and HS, but not mannitol, significantly increased NE activity.

**Conclusions**. Our results suggest that therapy for pulmonary exacerbations may increase airway NE activity, resulting in an increased inflammatory load despite overall clinical improvement. In vitro assays demonstrate that dornase and HS increase NE activity in CF sputum. Therefore, we attribute the increase in NE activity at least in part to dornase and/or HS therapy. Our observations support the development of antiprotease and anti‐inflammatory therapies for CF patients to protect lungs from unopposed NE activity.

Supported by CFF VOYNOW15I0.
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**THE EFFECTS OF EARLY INITIATION WITH DORNASE ALFA ON CHILDHOOD LUNG FUNCTION IN CYSTIC FIBROSIS**

[Shenoy, A.]{.ul} ^1^; Peeke, K.^1^; Geiser, D.^1^; Livingston, F.^2^; Yousef, S.^2^; Oquendo‐Flores, H.^2^; Schaeffer, D.^3^; DeLuca, B.^3^; Chidekel, A.^1^ *1. Division of Pediatric Pulmonology, Nemours‐A.I. duPont Hospital for Children, Wilmington, DE, USA* *; 2. Division of Pulmonology, Nemours Childrens Hospital, Orlando, FL, USA* *; 3. Division of Pediatric Pulmonology, Nemours‐NCSC, Jacksonville, FL, USA*

**Rationale:** Cystic fibrosis (CF) lung disease manifests within the first years of life. Dornase alfa is recommended by the CF Chronic Pulmonary Care Guidelines for children \>6 years of age with evidence of moderate lung disease or chronic symptoms. The published guidelines for newborns diagnosed with CF support use of dornase alfa in symptomatic infants. The role of dornase alfa in asymptomatic infants with CF remains unclear and provides the basis for this retrospective analysis.

**Methods:** Data were gathered from the charts of children currently aged 5‐12 years at Nemours CF centers (n=65/96 included). Patients were grouped according to whether dornase alfa was initiated in asymptomatic infants \<12 months (n=22/65) vs those with onset of symptoms at \>12 months (n=43/65). Groups ± dornase alfa were compared based on measurements of lung function (FEV1), time to acquisition of *P. aeruginosa* (PA), or *S. aureus*‐methicillin‐sensitive (MSSA) and methicillin‐resistant (MRSA) strains, time to first hospitalization and also total number of respiratory hospitalizations. The data (when available) are expressed as the mean ± SD and are compared by t‐test.

**Results:** FEV1 in children with early initiation of dornase alfa (FEV1=1.23L ± 0.24, n=11) was similar to those initiated at \>12 months of age (FEV1=1.17L ± 0.25, n=30, p=0.07). Time to first acquisition of PA was similar in patients with early initiation of dornase alfa (29.6 mos ±26.7, n=18) vs those initiated \>12 mos (34.7 months ±23.8.4, n=30, p=0.25). Time to first acquisition of MRSA was similar in patients with early initiation of dornase alfa (41.5 months ±24.7, n=6) vs those initiated \>12 months (53.3 months ±22.2, n=16, p=0.29). Time to first acquisition of MSSA was seen earlier in patients with early initiation of dornase alfa (21.9 months ±22.6, n=17) vs those initiated \>12 months (38.7 months ±28.4, n=37, p=0.04). BMI was similar between early initiation (51.5% ±28.4, n=22) vs those initiated \>12 months (48.1% ±24.5, n=42, p=0.6). Time to first hospitalization was slightly increased following early initiation of dornase alfa (25 months ± 27.1, n=21) vs those with initiation \>12 months (28 months ±34, n=42, p=0.06) and number of total hospitalizations was similar between both groups (2.6 ±3.3 (n=21) vs 1.6 ±2.7 (n=42), p=0.8). There were no safety concerns documented in patients receiving dornase alfa.

**Conclusions:** Early initiation of dornase alfa in our centers did not improve FEV1, BMI, number of respiratory hospitalizations or prolong the time to acquisition of PA or MRSA compared with children in whom dornase alfa was started when symptoms arise. Interestingly, acquisition of MSSA was earlier when Dornase alfa was initiated at \<12 months, but there was a trend towards increased time to first hospitalization.

**451**

**DEVELOPMENT OF A COMPUTER ALGORITHM FOR IDENTIFYING AN INFLECTION POINT IN THE COURSE OF FEV~1~/FVC RATIO OVER TIME IN PATIENTS WITH CYSTIC FIBROSIS**

[Singh, S.B.]{.ul}; Starner, T.D.; Ahrens, R. *Pediatrics, University of Iowa, Iowa City, IA, USA*

**Background:** Declining lung function over time is a recognized aspect of the lung disease process in cystic fibrosis (CF). However, this decline in lung function shows considerable variability. If recognizable patterns of change exist in individual patients, defining these patterns could have important implications. Previously, Menendez et al. (Chest. 1980;77(2 Suppl):321‐3) assessed patterns of FEV~1~ and FVC over time in 49 CF patients. They postulated the presence of an inflection point (IP) in some patients such that prior to the IP, the FEV~1~/FVC ratio changes little with time and remains in the normal range, while after the IP, it steadily declines. Based on this IP concept, they separated patients into 4 groups: (1) IP observed; (2) all observations in pre‐IP period; (3) all observations in post‐IP period; (4) Indeterminate. We extended this work by using a developmental dataset of 1200 patients randomly selected from the Cystic Fibrosis Foundation Patient Registry to guide construction of an algorithm for identifying IP in individuals that can be applied to large databases.

**Objective:** To develop a computer algorithm capable of identifying the presence of an inflection point in the course of FEV~1~/FVC ratio over time in CF patients and classify them into the groups described above.

**Methods:** After an iterative developmental process, we determined yearly best (YB) and personal best (PB) FEV~1~/FVC values best confirmed the patterns proposed by Menendez et al. IP was defined by: (a) starting YB FEV~1~/FVC values in the normal range; (b) ≥ 3 consecutive YB values observed that were \> 2 population standard deviations below PB; (c) ≥ 2 YB values observed prior to these 3 consecutive points, with IP being defined as the last of these prior values. We then developed mathematical definitions of groups 1 -- 4. A piece‐wise linear regression model with discontinuity was used to determine the pre‐ and post‐IP rates of change in FEV~1~/FVC (slopes) in individual patients.

**Results:** For group 1, the mean post‐IP slope was significantly different from zero (p \< 0.0001) while the mean pre‐IP slope was not (p = 0.061, Table). Pre‐ and post‐IP periods in group 1 were separated by a large discontinuity, with a decrease in FEV~1~/FVC in the single year between the IP and first post‐IP YB averaging 12.75% predicted.

**Conclusions:** These results support the concept of an inflection point in FEV~1~/FVC, with distinctly different behavior pre‐IP (normal range, minimal change) and post‐IP (steadily declining), and a mean one‐year drop of about 13% predicted connecting these periods. Future work includes validating these results in a larger, confirmation dataset. These results may be of value for developing better clinical trial entrance criteria and outcome measures, designing epidemiologic studies, and informing basic and translational research.

**Table**
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Abbreviations: IP = inflection point; CI = confidence interval; Obs = observations
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**QUANTITATIVE CT SCAN ASSESSMENT OF LUNG STRUCTURE AND FUNCTION AFTER ONE YEAR OF IVACAFTOR THERAPY**

[Adam, R.]{.ul} ^1,2^; Hisert, K.B.^3^; Dodd, J.D.^4^; Grogan, B.^5^; Launspach, J.^1^; Gallagher, C.^4^; Hoffman, E.H.^6^; Welsh, M.^1,7,8^; Singh, P.^3,9^; McKone, E.F.^5^; Stoltz, D.A.^1,2,8^ *1. Internal Medicine, University of Iowa, Iowa City, IA, USA* *; 2. Biomedical Engineering, University of Iowa, Iowa City, IA, USA* *; 3. Medicine, University of Washington School of Medicine, Seattle, WA, USA* *; 4. Radiology, St. Vincent\'s University Hospital, Dublin, Ireland* *; 5. National Referral Centre for Adult Cystic Fibrosis, St. Vincent\'s University Hospital, Dublin, Ireland* *; 6. Radiology, University of Iowa, Iowa City, IA, USA* *; 7. HHMI, University of Iowa, Iowa City, IA, USA* *; 8. Pappajohn Biomedical Institute, University of Iowa, Iowa City, IA, USA* *; 9. Microbiology, University of Washington School of Medicine, Seattle, WA, USA*

Quantitative description of lung structure and function, following long term (˜1 year) ivacaftor therapy, could help elucidate the underlying mechanism(s) for less airflow obstruction with CFTR restoration. We hypothesized that 1 year of ivacaftor therapy might reverse aspects of CF lung disease.

**Methods:** Seven adults with CF and a *G551D‐CFTR* allele participated in this study. Spirometry, and chest‐CT scans (at end‐inspiration and end‐expiration) were obtained at baseline and after approximately 1 year of ivacaftor therapy.

**Results:** FEV1(L) increased significantly from baseline to 1 year of ivacaftor therapy (1.84 ± 0.24 vs 2.48 ± 0.37 L, p\<0.05). Quantitative analysis of chest CT scans indicate little change in inspiratory lung volume (5.3 ± 0.3 vs 5.2 ± 0.2 L, p\>0.05), but a significant decrease in expiratory lung volume (3.2 ± 0.3 vs 2.8 ± 0.3 L, p\<0.05). The volume of trapped air in the lung, assessed from expiratory CT scans using a ‐856HU threshold, reduced with ivacaftor therapy (18.3 ± 5.0 vs 13.9 ± 4.5%, p = 0.06).

**Conclusions:** First, we observed an improvement in spirometry and air trapping. Second, wthe reduction in air trapping was associated with improvements in residual volume. Finally, by additional quantitative airway measurements, we hope to gain additional insight into the underlying mechanism(s) of ivacaftor\'s effects and CF disease pathogenesis.

**453**

**DOES DISTANCE FROM A CF CARE CENTER AFFECT LUNG FUNCTION?**

[Dezube, R.]{.ul}; Boyle, M.P.; Jennings, M.; Hong, G.; Merlo, C. *Pulmonary and Critical Care Medicine, Johns Hopkins University, Baltimore, MD, USA*

**Introduction:** The majority of CF patients in the US receive care at a CF Care Center accredited by the CF Foundation, and there has been a strong association between the establishment of these Care Centers and improved patient outcomes. The Care Center model allows for standardization, but may create a travel burden for patients with CF. Travel burden, or the impact of travel distance to health care, has been studied in multiple health disciplines, and has been associated with worse outcomes. However, the impact of travel burden has not been studied in CF.

**Objective:** The primary objective of this study is to assess whether increasing distance from a Care Center is associated with decreased lung function. Our secondary objectives were to assess whether increasing distance is associated with an increased odds of CF‐related exacerbations or with a decreased number of clinic visits per year.

**Methods:** This is a longitudinal cohort study of patients in the CFFPR who resided in a subset of preselected states between 2005 and 2010 (n = 4,133). We excluded patients who had a history of lung transplantation, were younger than 6 or older than 50, or who lived more than 300 miles from their Care Center. Distances were measured as the number of miles between an individual\'s zip code and the zip code of their Care Center. For our primary analysis, we used multilinear regressions with generalized estimating equations and robust variance estimation to model the effect of distance on percent predicted FEV~1~ and multivariable regression to model the effect of distance on the change in FEV~1~ over time. In a secondary analysis, we used multivariable logistic regressions to model the effect of distance on the odds of CF‐related exacerbations. In a separate secondary analysis, we used multivariable linear regression to estimate the effect of distance on the number of clinic visits per year. Models were adjusted for age, CFRD, pancreatic insufficiency, socioeconomic status, and the presence of *Pseudomonas aeruginosa*, methicillin‐resistant *Staphylococcus aureus* or *Burkholderia* species on respiratory culture.

**Results:** Increasing distance from a Care Center was statistically significantly associated with lower lung function; for every 100‐mile increase in distance, FEV~1~ percent predicted decreased by 0.8 (95% CI ‐1.4 to ‐0.2, *p* 0.01). However, there was no statistically significant effect on change in FEV~1~ percent predicted (coefficient = 0.1, 95% CI ‐0.2 to 0.3, *p* 0.67) or on the odds of CF‐related exacerbations (relative odds 1.0, 95% CI 1.0 to 1.1, *p* 0.52). There was a significant decrease in the number of outpatient visits per year as distance from Care Center increased; for every 100‐mile increase in distance, the number of visits decreased by 0.46 (95% CI ‐0.54 to ‐0.38, *p* \< 0.01).

**Conclusion:** There is an association between distance from Care Center and lung function, although the clinical significance of this is unclear. Increasing distance from a Care Center is not associated with an increase in rate of change in lung function, nor with increasing odds of exacerbation, but is associated with a decreased number of outpatient visits. Further research is needed to investigate this potentially modifiable risk factor and the structure of health care delivery.

**454**

**LONGITUDINAL 25‐HYDROXYVITAMIN D STATUS INFLUENCES PULMONARY EXACERBATIONS AMONG PATIENTS WITH CYSTIC FIBROSIS**

[Gelfand, A.R.]{.ul}; Peterson, S.J.; Burke, J.; McAndrews, K.K.; Sharma, G.; Chen, E.; Balk, R.A. *Pulmonary, Rush University Medical Center, Chicago, IL, USA*

**Introduction:** 25‐Hydroxyvitamin D (25(OH)D) deficiency is a common complication seen among patients with cystic fibrosis (CF) due to fat malabsorption. Previous research has linked low 25(OH)D status to increased frequency of CF pulmonary exacerbations. The primary objective of this study was to examine the influence of yearly 25(OH)D levels on CF exacerbations.

**Methods:** A retrospective sample of pediatric and adult CF patients was utilized. Eight years of 25(OH)D data were collected (2007‐2015) from the electronic medical record; the lowest value was recorded for patients with more than one 25(OH)D level per year. Frequency of exacerbations per year, defined as Akron Pulmonary Exacerbation Score ≥ 5 and/or provision of oral or parenteral antibiotic therapy, was obtained from PortCF. Exacerbation data were recorded as both a continuous (total number of exacerbations per year) and categorical (at least one exacerbation versus no exacerbations per year) variable. Average 25(OH)D and number of exacerbations per year were calculated. Longitudinal associations were analyzed using generalized estimating equations; a Poisson model was utilized for number of exacerbations per year and a binary model for the categorical exacerbation variable.

**Results:** A total of 38 patients were included. The average 25(OH)D was 29.0 ± 12.5 (range 9‐85 ng/mL) and 0.5 ± 1.0 exacerbations (range 0‐6) were documented each year. 25(OH)D level was significantly associated with exacerbations. In the Poisson model, each 0.02 decrease in 25(OH)D increased the likelihood of having a CF exacerbation per year (p=0.05). Similarly, in the binary outcome model low 25(OH)D was significantly associated with having at least one CF exacerbation (p=0.05).

**Conclusions**: 25(OH)D is a nutrient of concern among CF patients. Using the Poisson and binary outcome models, we found a correlation between low 25(OH)D levels and increased CF exacerbations. 25(OH)D has been associated with immune function and inflammation. Low 25(OH)D levels are associated with increased CF exacerbations annually. It is imperative to monitor 25(OH)D levels, and supplement if needed, to achieve satisfactory lab values. Maintaining a 25(OH)D level within acceptable parameters may decrease the frequency of CF pulmonary exacerbations. Further research on this association is needed.

**455**

**DEVELOPING CANADIAN CF‐SPECIFIC FEV1 PERCENTILES: A LONGITUDINAL ANALYSIS**

[Kim, S.]{.ul} ^1^; Stephenson, A.^2^; Strug, L.J.^1^ *1. Hospital for Sick Children, Toronto, ON, Canada* *; 2. Adult CF Program, St. Michael\'s Hospital, Toronto, ON, Canada*

**Background**: Forced expiratory volume per 1 second (FEV1) plays a key role in the management of patients with cystic fibrosis (CF). Using a healthy population as the norm, FEV1 is commonly transformed into FEV1 %predicted (FEV1 pp), a ratio of patients\' FEV1 to the predicted FEV1 for a healthy individual sharing the same age, sex and height. Because both healthy and CF populations are known to have different growth characteristics, this has been criticized in the literature. To overcome this limitation, CF‐specific reference equations using US CF registry data from 2001‐2006 were generated and are publicly available. Contemporary Canadian CF‐specific FEV1 percentiles (%iles) are not currently available.

**Objectives**: (1) To derive Canadian CF‐specific FEV1 reference equations; (2) to characterize changes in FEV1 %iles over time; (3) to compare US and Canadian CF FEV1 %iles.

**Methods:** This is a longitudinal cohort study using Canadian CF Registry data from 2000‐2014. Subjects were included if they had at least one FEV1 measurement and were between 6 and 40 years of age. The first stable FEV1 measurement per person per year was used. Post‐lung transplant FEV1 measurements were excluded. Quantile regression was used to model each %ile of FEV1 as a function of age and/or height, stratified by sex. Lung disease progression was compared using FEV1 %iles vs FEV1 % predicted (FEV1 pp) using the GLI reference norms. Canadian CF‐FEV1 %iles were compared to US %iles for the period 2001‐2006.

**Results**: 4,289 subjects (46.5% female) were included in the study, contributing to 36,727 measurements taken between 2000‐2014. FEV1 increases exponentially during childhood and adolescence and declines in adulthood (Figure). Peak FEV1 was reached earlier for females than males. Improvement in FEV1 percentiles for the population as a whole was seen in the more recent time period (2008‐2014) compared to 2000‐2007. These improvements over time were more dramatic in those with FEV1 measurements below the 50th percentile as well as in males (Figure). In selected subjects, FEV1 pp masked changes in disease progression that were evident when using FEV1 percentiles. Canadian CF patients had higher FEV1 %iles compared to US patients during 2001‐2006. The difference in FEV1 %iles can be seen as early as 6 years of age and increases in the lower %iles and in males.

**Conclusions**: Canadian CF‐specific FEV1 %iles have improved over time and can provide useful information about changes in lung health that may be masked by using FEV1 pp. Applying the US specific reference equations to Canadian patients would systematically overestimate Canadian CF‐specific FEV1 %iles.
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**MASSIVE HEMOPTYSIS IN CYSTIC FIBROSIS PATIENTS WITHOUT SEVERE OBSTRUCTIVE LUNG DISEASE**

[Chhatwani, L.]{.ul}; Mohabir, P.K. *Division of Pulmonary and Critical Care Medicine, Stanford University, Stanford, CA, USA*

**Background and Objectives:** Massive hemoptysis is a challenging clinical problem in cystic fibrosis (CF). We reviewed our center experience with an aim to evaluate risk factors for and clinical outcomes of CF patients with FEV1≥ 50% since this is a clinical presentation with significant associated morbidity and mortality yet few data are available to guide CF pulmonologists and patients faced with this presentation.

**Methods:** In this study, we queried the adult CF center clinical database at our institution to identify patients with massive hemoptysis requiring bronchial artery embolization (BAE) and FEV1 ≥ 50% at presentation with hemoptysis. Clinical data including risk factors, management and both short‐term and long‐term outcomes were reviewed.

**Results:** Twelve patients with FEV1≥ 50% presented with massive hemoptysis with 11 patients requiring BAE and one patient requiring surgical resection. There was a higher proportion of male patients (75%) and mean age at presentation was 25 years. FEV1 at presentation was 54‐106%, with FEV1 \> 70% predicted in 7 patients and FEV1 \>90% predicted in 4 patients.

On review of microbiology, respiratory cultures showed typical cystic fibrosis organisms without any particular pattern identified. With regard to genetic mutations, 4 patients (33%) were homozygous for ΔF508 and 4 (33%) patients carried one copy of this mutation.

Of these 12 patients, 3 patients have had subsequent presentations with massive hemoptysis and required multiple repeat BAE procedures.

**Summary:** Massive hemoptysis, a life‐threatening complication of cystic fibrosis, can occur in patients without severe obstructive lung disease including those with normal lung function and such a presentation does not appear to be associated with identifiable risk factors. In the future, this manifestation of cystic fibrosis lung disease with massive hemoptysis despite preserved lung function should be further studied in large multicenter cohorts with an aim to optimize management of these patients.

**457**

**PEDIATRIC PULMONARY MEDICINE: TRENDS AND FUTURE IN CARE OF CHILDREN WITH CYSTIC FIBROSIS**

[Harris, C.E.]{.ul} ^1^; Dorkin, H.^2^; Cataletto, M.E.^3^; Katkin, J.^4^; Laskosz, L.^5^; Ruch‐Ross, H.^5^; Mulvey, H.^5^ *1. Pediatrics, Cedars‐Sinai Medical Center, Los Angeles, CA, USA* *; 2. Pediatrics, Boston Children\'s Hospital, Boston, MA, USA* *; 3. Pediatrics, Winthrop, Mineola, NY, USA* *; 4. Pediatrics, Texas Children\'s Hospital, Houston, TX, USA* *; 5. American Academy of Pediatrics, Elk Grove Village, IL, USA*

The care of patients with cystic fibrosis over the past years has been improved largely by educating physicians with specialized expertise in this condition. Working with the CF Foundation, pediatricians took on this task, leading to the establishment of centers in a network that promoted quality and research. Over time, these pediatricians became sufficiently specialized that board certification in pediatric pulmonology was offered. More than 1200 pediatricians have passed the certification examination. The American Academy of Pediatrics has surveyed the workforce twice, most recently in 2014.

**Methods**: The objective of this study was to survey these physicians on career, demographics, and practice issues. The internet survey was designed with the help of the AAP Division of Workforce & Medical Education Policy. Representing more than one‐third of the pediatric pulmonary workforce, 485 pediatricians completed the survey.

**Results:** Results were compared, when possible, to the prior survey done in 1997. They had, on average, completed medical school 26 years prior, giving an average age of ˜52 years; significantly older than the average age of 45 years in 1997. Clinicians spent a median of 70% of their time in direct patient care and nearly 10% of time in teaching. Research activities occupied 10‐35% of time for some of the physicians surveyed. Only 7% of specialists were involved in basic science but nearly three of five were involved in clinical investigations. Most of respondents\' clinical time was spent in subspecialty care; few provided primary care. CF was a common diagnosis seen; more than 70% of respondents reported being part of an accredited CF center. Flexible bronchoscopy, lung function tests and telephone consultations for home care were common procedures and activities. Most clinicians in the survey confined their practices to pediatrics, but nearly one in twenty also saw adults. Nearly 90% were affiliated with a medical school. More than half of those surveyed would like to add colleagues in the next three years. A substantial proportion of respondents felt that there would be jobs available in the future, but that insufficient funding of these new positions would make it difficult for them to be filled. Nearly 10% of the pediatric pulmonary workforce is planning on retiring in the next five years.

**Conclusions:** Pediatric pulmonologists provide much of the CF care in the US. These complex patients have improved outcomes when seen in accredited CF centers. Although we have been successful in transitioning adults to internal medicine colleagues with CF expertise, their care continues to be time consuming. It is clear that the pediatric pulmonary workforce is aging. Although newborn screening has helped identify CF patients before lung disease is severe, the number of CF patients cared for is not decreasing. Further, despite advances in therapeutics, it is unlikely that CF will disappear soon. Clearly, attention must be given to attracting trainees to pediatric pulmonology especially with major debt burden.

**458**

**SLEEP HYPOXEMIA IN PEDIATRIC CYSTIC FIBROSIS: A LARGE TERTIARY CARE CENTER\'s EXPERIENCE**

[Daher, A.]{.ul} ^1^; Naqvi, K.^1^; Sharma, P.B.^1^; Mitchell, R.^2^ *1. Pediatric Pulmonary Medicine, University of Texas Southwestern, Dallas, TX, USA* *; 2. Otolaryngology ‐ Head and Neck Surgery, University of Texas Southwestern, Dallas, TX, USA*

**Background:** Cystic fibrosis (CF) leads to progressive decline in lung function with increased incidence of sleep hypoxemia in patients with severe lung disease. Sleep hypoxemia in CF patients has been proposed as an independent parameter in the evaluation of CF patients with significant burden of disease as there is no laboratory or clinical surrogate testing for sleep hypoxemia. However, there currently are no accepted guidelines for evaluating CF patients for sleep hypoxemia with a polysomnography (PSG).

**Objective:** The aims of the study are to determine the indications cited for polysomnography studies obtained, to characterize the severity of sleep disordered breathing, and to determine what subgroup of patients tested show sleep hypoxemia in a large tertiary pediatric cystic fibrosis center.

**Methods:** We reviewed the electronic medical records of all the pediatric cystic fibrosis patients followed in our center from January 1, 2007 to December 31, 2014. All patients who underwent a PSG before their 19th birthday were included. We noted for each subject the forced expiratory volume in 1 second (FEV1) at the time of the PSG as well as the year\'s highest FEV1 value. For each PSG done we noted the indication; parameters of oxygenation and ventilation, and apnea indices. We defined sleep hypoxemia as a hemoglobin saturation that is on average below 92% or below 90% for more than 3% of the total sleep time. All physicians in the pediatric cystic fibrosis center were surveyed on their practices in the evaluation and treatment of sleep disordered breathing in pediatric CF patients by a written multiple choice questionnaire.

**Results:** Of the 341 patients seen in the pediatric cystic fibrosis center during the study period, 27 (7.9%) met inclusion criteria for a total of 36 PSG done: 28 diagnostic studies (16 to evaluate for obstructive sleep apnea and 12 due to severity of lung disease; and 7 studies to titrate for noninvasive ventilation during a CF exacerbation). A total of 11 patients had sleep hypoxemia with age ranging from 5.9 to 16.7 years, and a year\'s highest FEV1 value ranging between 44 and 75% predicted, only 2 of those patients had obstructive sleep apnea (OSA). All patients with sleep hypoxemia had frequent severe CF exacerbations with more than 3 hospital admissions in the preceding 2 years. 8 (50%) of the 16 studies done to rule OSA were positive.

Physicians reported OSA symptoms and subjective poor sleep quality as the most common indications for PSG as outpatient (100% and 88% respectively); whereas poor lung function was the least common (12%). For inpatient PSG, oxygen desaturations noted by continuous pulse oximetry was the most common indication (100%). Treatment of choice for sleep hypoxemia in CF for most is oxygen via nasal cannula.

**Conclusions:** In pediatric CF patients with frequent exacerbations, sleep hypoxemia can be found in patients with an FEV1 as high as 75% irrespective of OSA.

**459**

**PULMONARY AEROSOL DEPOSITION IN CHILDREN WITH CYSTIC FIBROSIS FOLLOWING TRANSNASAL DELIVERY OF HYPERTONIC SALINE**

[Donn, K.H.]{.ul} ^1^; Ditcham, W.^2^; Clements, B.^2^; Devadason, S.^2^; Murdzoska, J.^2^; Busick, D.^1^; Stick, S.M.^2^ *1. Parion Sciences, Durham, NC, USA* *; 2. School of Pediatrics and Child Health, University of Western Australia, Perth, WA, Australia*

**Objectives:** A novel transnasal pulmonary aerosol delivery system ("tPAD") capable of administering nebulized medicines overnight, during sleep, delivering aerosols quietly and comfortably via a supplemental oxygen‐like nasal cannula is being developed by Parion Sciences. The tPAD has been evaluated in adults and is ideally suited for the delivery of medications to pediatric patients, in which aerosol delivery is particularly challenging. The primary objective of this study was to quantitatively determine the efficiency of pulmonary and body deposition of 7% hypertonic saline (HS) aerosol, labelled with saline ^99m^Tc‐diethylenetriamine‐pentaacetic acid (DTPA), delivered via the tPAD to 3‐8‐year‐old children with cystic fibrosis. The well characterized pediatric PARI LC SPRINT^®^ nebulizer, equipped with an oral mouthpiece instead of a facemask, was used as a control for the study.

**Methods:** This was a single center, randomized, open‐label crossover study of the pulmonary and body deposition of 7% HS aerosol delivered via the Parion tPAD versus that delivered via the PARI LC SPRINT in 3‐8‐year‐old children with cystic fibrosis. Seven children with cystic fibrosis and their parents consented to participate and, in a random sequence, completed aerosol deposition with both nebulizers. Each subject received a 15‐minute treatment with ^99m^Tc‐DTPA labeled 7% NaCl via the tPAD and PARI LC SPRINT devices, on separate study days. Radioactivity was continuously monitored after dosing in the head and thorax by gamma scintigraphy, and corrected for decay, soft tissue attenuation and tracer absorption/clearance. The primary study endpoint was the pulmonary deposition of ^99m^Tc‐DTPA expressed as percent of emitted dose deposited in the whole lung. The secondary endpoints of the study include percentage of ^99m^Tc DTPA deposited in the central lung, peripheral lung, naso‐oropharynx, stomach and esophagus.

**Results:** Aerosol delivery by both the transnasal (tPAD) and oral (LC SPRINT) nebulizers were well tolerated. Five of the seven study participants performed both deposition studies as instructed and can be fully evaluated. The median values for those 5 subjects are presented in the table below. The pulmonary deposition achieved with the tPAD was approximately 53% greater than that achieved via the PARI LC SPRINT. A greater fraction of the dose was deposited in the nose with the tPAD than the LC SPRINT but the LC SPRINT deposited a higher fraction in the stomach than did the tPAD.

**Conclusions**: As has been observed in adults, the tPAD is an effective means to deliver an aerosol to the lungs in children. As the tPAD delivers an aerosol transnasally, it has the advantage over oral nebulizers that it is hands‐free and can deliver an aerosol over an extended period of time. This may offer both therapeutic and safety advantages over drug administration rapidly via an oral nebulizer.

**Deposition as a percentage of the emitted dose from each device**
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**460\***

**INCREASED TOTAL EXERCISE TIME AND MAXIMAL EXERCISE CAPACITY ARE ASSOCIATED WITH INCREASED WELLNESS IN ADULTS WITH CF ACROSS SPECTRUM OF AGE AND LUNG FUNCTION AFTER TREATMENT WITH IVACAFTOR**

[Button, B.M.]{.ul} ^1,2,3^; Wilson, L.M.^1,2,3^; Keating, D.^1,2^; Wilson, J.^1,2^ *1. Department of AIRMED, The Alfred Hospital, Melbourne, VIC, Australia* *; 2. Department of Medicine, Nursing and Health Sciences, Monash University, Melbourne, VIC, Australia* *; 3. Physiotherapy, The Alfred Hospital, Melbourne, VIC, Australia*

Greater long‐term survival has for many years been associated with regular physical exercise and increased exercise capacity in cystic fibrosis (CF). Many patients with CF find achieving regular exercise challenging and adherence to daily physical activity has been shown in many studies in CF to be poor.

**Objectives:** To establish whether an increase in maximal cardiopulmonary exercise testing (CPET) is associated with increased wellness in adults with CF across all ages and the lung function spectrum.

**Methods:** All patients at our CF Unit with at least one G551D mutation eligible for treatment with ivacaftor underwent CPET using a maximal incremental cycle ergometer using the Godfrey protocol before and after a total of four months (4 mo) treatment with ivacaftor (1 month in a cross‐over study and 3 months open‐label). Selected measures of CPET, lung function and the the Alfred Wellness Score CF (AweScoreCF) measuring sputum, cough, energy, exercise participation, appetite, weight, mood, anxiety, sleep and general health (Total Score 100%) are presented.

**Results:** These are presented as mean (range) for 20 adults (12 male) with CF aged 32 (18‐65) years; BMI 25.8 (18‐36.4); FEV1 54 (23‐99)% predicted.; FVC 71.1 (40‐96)%. After 4 mo on ivacaftor the %change in: FEV1(predicted) 16.1 (8.6‐23.5) p=0.0003; FVC 8.2 (3.8‐12.7) p=0.001; BMI 3.7 (1.9‐5.4) p=0.003; fat free mass 1.5 (0.2‐2.8) p=0.024. The absolute exercise time, VO2max/kg, VO2max and Watts all improved significantly. See Table. The changes in AweScore (mean 95%CI) and p‐value were: Total score 16.3 (11.4‐21.1) p=0.001; coughing 2.6 (1.73‐3.4); sputum 1.9 (1.12‐2.67); energy 2.3 (1.44‐3.25); and exercise 2.5 (1.53‐3.46) all p=\<0.001; mood 0.97 (014‐1.80) p=0.024; anxiety 0.2 (‐0.91‐1.31) p=0.710; appetite 1.3 (0.3‐2.24) p=0.009; weight 0.2 (‐0.63‐1.13) p=0.56; sleep 1.21 (0.18‐2.24) p=0.023. The AweScore was well received by patients and took 1‐2 minutes to complete. They valued the fact that it was measuring "wellness," found it visually pleasing and compact. Patients perceived less sputum and coughing after treatment with ivacaftor which they perceived led to improved sleep quantity and quality. The increased energy experienced may have been linked to greater exercise participation which in turn may have led to improvements in lung function and parameters of exercise capacity and sense of wellness.

**Conclusions:** A total of 4 months of treatment with ivacaftor resulted in significant improvements in lung function, exercise time and VO2max along with total wellness score in adults with CF across all ages and spectrum of lung function.

Study supported by Vertex Inc.

**Cardiopulmonary exercise indices**
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**461\***

**SHUTTLE TEST AND CYCLE ERGOMETRY DELIVER SIMILAR MAXIMUM EFFORT IN CYSTIC FIBROSIS PATIENTS: RESULTS FROM A COMPARATIVE STUDY**

[DAgostino, G.]{.ul}; De La Fuente, G.A.; Renteria, F.; Diez, G. *Children\'s Hospital "Sor Maria Ludovica", La Plata, Argentina, La Plata, Buenos Aires, Argentina*

**Background:** Cystic fibrosis (CF) pediatric patients\' regular evaluation includes aerobic exercise capacity by cycle ergometry (CE) with pulse oximetry (Godfrey protocol). CE is a complex laboratory test that requires expensive equipment and well‐trained specialized personnel. Alternatively, the Modified Shuttle Walk test (MSWT) is a simple reliable field test with minimal equipment requirements.

**Objective:** The purpose of this study was to compare maximum effort calculated from the heart rate (HR) responses between CE and MSWT. Additionally, to examine the validity of MSWT to promote its use as MSWT is a simpler and less expensive method than CE.

**Materials and Method:** From December 2014 to December 2015, 24 stable CF patients were included in the study. The mean age was 13± 2.3‐years‐old, mean BMI 18.1 kg/m^2^, mean FEV~1~ 74%, more frequent mutation F508del heterozygous, pancreatic insufficient pancreatic 87%. The CE test was performed using an electronically braked cycle ergometer which holds the power output constant independently of variations in cadence. The original Godfrey protocol with power output increments of 10 W in individuals with a height \<120 cm, 15 W for those 120--150 cm and 20 W for those \>150 cm tall was used. The exercise time was kept within the 8--12 min (1). The MSWT was carried out in a standardized fashion using a CD player and two markers placed 9m apart. Patients had a paced 10‐meter shuttle walk test by Singh, et al adapted and validated for use in CF. Subjects were allowed to run increasing the number of levels to 15 with a maximum speed of 10.2 km. All patients completed both tests on the same day, the second test was sequentially carried out after an interval of at least 30 minutes to return to resting level values. Parameters measured for evaluation of the tests were pulse oximeter, HR and dyspnea scores. Exercise time duration was recorded. Distance and peak work rate were measured. Values were expressed as mean and standard deviation. T‐test and correlation analysis were used.

**Results:** All patients were able to achieve maximum effort with both tests. There was no significant statistical difference between peak pulse rate (MSWT 187 ± 10.1 ppm; CE 182 ± 10.9 ppm**,** p= 0.110), and final pulse oximetry (MSWT 93 ± 7%; CE 94 ± 5 %, p= 0.479). The dyspnea score average was the same in both tests (7). There was a significant correlation analysis between distance (970 ± 299 meters) and power (115 ± 47.8 watts, R = 0.84) (p \<0.01). Average time duration in MSWT was 11\'32\'\' and in CE 8\'43\'\'.

**Conclusions:** In our study, MSWT achieved similar peak HR response as CE and showed a strong correlation between power and distance. There was no statistical difference in final pulse oximetry. MSWT is simpler and less expensive than CE. The cost for each test was CE €3000; MSWT €500 respectively. The results of our study suggest that MSWT in lieu of CE should be considered for use in institutions with limited resources managing pediatric CF patients. MSWT provides a low‐cost effective alternative for exercise tolerance evaluation with valid information for monitoring and prescription exercise in CF patients.

1\. Hebestreit H, et al. Respiration. 2015;DOI:10.1159/000439057

**462\***

**MODIFIED SHUTTLE TEST -- WHAT IS NORMAL?**

[Moran, F.C.]{.ul} ^1^; Tannenbaum, E.^1^; Welsh, L.^2^ *1. Physiotherapy Dept., The Royal Children\'s Hospital, Parkville, VIC, Australia* *; 2. Respiratory Medicine Dept., The Royal Children\'s Hospital, Parkville, VIC, Australia*

**Introduction:** Exercise testing is an important tool in the evaluation and care of patients with cystic fibrosis (CF). There is robust evidence that survival in CF is strongly correlated with exercise test results. Laboratory testing is not always freely available or feasible, resulting in field exercise tests often being performed in the clinical setting. The modified shuttle test (MST) is one field exercise test which has been shown to have a strong correlation with VO~2~ peak and is responsive to inpatient treatment. There are currently no published normative data for the MST, either for healthy individuals or individuals with CF.

**Objectives:** The purpose of this study was to audit MST results for children with CF to determine what factor (eg, age, height or FEV~1~) has the greatest correlation with distance. For this factor, 25th, 50th and 75th percentile results will then be calculated.

**Methods:** Medical records for all CF patients covering a four‐year period (2011 to 2015) were retrospectively reviewed. All MST results were noted. The best result for each year (in age) for each patient was recorded. Of these, results that were deemed by two reveiwers to be submaximal were excluded. Correlation for each measure with distance was calculated using Pearson product‐moment coefficient of correlation. Box plots were then developed for the outcome with the strongest correlation with distance for both males and females showing 25th, 50th and 75th percentiles.

**Results:** 708 tests were found for 189 subjects. 383 "best" tests were analysed of which 82 were deemed submaximal, leaving 301 tests (subjects aged 5 to 19 years). Most subjects had normal (52%) or mild disease (34%) on the basis of FEV~1~ % predicted. The outcome with the strongest correlation with distance was found to be height (r=0.53). The mean distance covered increased with increasing height. At 115cm height, mean distance was 824m (male) and 887m (female). At 140cm, mean distance was 1179m (male) and 932m (female). At 165cm, mean distance was 1411m (male) and 1035m (female).

**Conclusions:** MST distance was more strongly correlated with height than age. This study has developed normative data for the CF population, allowing future tests to be compared to the results of height‐matched peers.
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**463\***

**VENTILATION INHOMOGENEITY AND LUNG FUNCTION ARE ASSOCIATED WITH EXERCISE CAPACITY**

[Powers, K.E.]{.ul} ^1^; Loosen, H.^4^; von Berg, K.^4^; Herzog, T.L.^5^; Weir, B.^3^; Riekert, K.A.^2^; Mogayzel, P.^1^ *1. Ped Pulm, Johns Hopkins, Baltimore, MD, USA* *; 2. JHARC, Johns Hopkins, Baltimore, MD, USA* *; 3. SPH, JHU, Baltimore, MD, USA* *; 4. PMR, Johns Hopkins, Baltimore, MD, USA* *; 5. SOM, JHU, Baltimore, MD, USA*

**Background:** The positive health benefits of physical activity (PA) at all ages have been extensively studied and commonly accepted. The CDC in coordination with the American College of Sports Medicine has recommended regular PA to favorably influence risk factors for chronic disease including physical functioning, aerobic fitness and quality of life (Pate RR, et al. JAMA. 1995;273:402‐7). PA in individuals with CF improves exercise capacity, slows decline in lung function, increases mucus clearance and improves health‐related quality of life (Dwyer TJ, et al. Curr Opin Pulm Med. 2011;17:455‐60). Measuring ventilation inhomogeneity provides a novel approach to assessing the effects of PA on lung health.

**Hypothesis:** Less ventilation inhomogeneity as measured by lung clearance index (LCI) via Multiple Breath Washout (MBW) and better lung function via spirometry in participants with CF will be associated with greater exercise capacity as measured by the Modified Shuttle Walk Test (MSWT).

**Methods:** We completed the MSWT, spirometry and MBW in the first 30 participants at enrollment into the *Do More, B\'More, Live Fit* trial. This randomized control trial will enroll a goal of 60 participants into a 6‐month fitness training program designed to optimize exercise habits of 12‐21 year‐olds with CF. Lung function was measured via spirometry and MBW using the Exhalyzer D (EcoMedics, AG© Switzerland). Lung function was compared to the number of MSWT shuttles completed at enrollment.

**Results:** Of the 30 participants, 15 were males (50.0%), 6 had a positive *Pseudomonas aeruginosa* culture upon enrollment (20.0%), the mean age was 14.5 years and the mean BMI was 52.1% (SD = 30.1; range 2‐93%). The genotypes of the participants included 13 with homozygous F508del, 10 with heterozygous F508del and 7 heterozygous for other mutations. The mean MSWT shuttles completed was 104 (SD = 34; range of 33‐150). The mean FEV1 was 84.4% (SD = 18.2; range of 28‐108%), the mean LCI 2.5 was 10.0 (SD = 3.75; range of 6.23‐18.73) and the mean LCI 5.0 was 6.02 (SD = 1.38; range of 4.42‐9.13). MSWT shuttles were correlated with better lung function as measured by FEV1, r = 0.4854 (p = 0.008) and also associated with less ventilation inhomogeneity as measured by LCI 2.5 and LCI 5.0, r = ‐0.3633 (p = 0.053) and r = ‐0.3979 (p = 0.033) respectively.

**Conclusions:** A higher number of MSWT shuttles correlated with better lung function as measured by FEV1 and with ventilation inhomogeneity as measured by LCI 2.5 and LCI 5.0. These data suggest that there is an association between LCI values and FEV1 with better exercise capacity as measured by the MSWT. Based on these correlations, it is suggested that LCI is a similar predictor of exercise capacity as FEV1. With continued enrollment into the *Do More, B\'More, Live Fit* trial, the use of LCI in revealing improvements in individuals with mild lung disease related to exercise capacity may be further elucidated. Notably this is one of the first trials to collect MSWT data from adolescents and young adults with CF who are not in the midst of a pulmonary exacerbation.

**Support:** T32HL072748 and The Herbert Bearman Foundation.

**464**

**SELF‐REPORTED PHYSICAL ACTIVITY DOES NOT CORRELATE WITH VENTILATION INHOMOGENEITY**

[Powers, K.E.]{.ul} ^2^; Herzog, T.L.^3^; Loosen, H.^4^; von Berg, K.^4^; Weir, B.^5^; Riekert, K.A.^1^; Mogayzel, P.J.^2^ *1. JHARC, Johns Hopkins, Baltimore, MD, USA* *; 2. Ped Pulm, Johns Hopkins, Baltimore, MD, USA* *; 3. SOM, JHU, Baltimore, MD, USA* *; 4. PM&R, Johns Hopkins, Baltimore, MD, USA* *; 5. SPH, JHU, Baltimore, MD, USA*

**Background:** The role of exercise in CF is well established and over time has become an integral component in the management of individuals with CF. Physical activity (PA) in individuals with CF improves exercise capacity, slows decline in lung function, increases mucus clearance and improves health‐related quality of life (Dwyer TJ, et al. Curr Opin Pulm Med. 2011;17:455‐60). The positive effects of physical conditioning on lung function have been reported; however, conventional measurements of lung function may lack the sensitivity to reveal improvement in individuals with mild lung disease.

**Hypothesis:** Higher self‐reported PA in individuals with CF will be associated with improved lung function as measured by FEV1 and lung clearance index (LCI).

**Methods:** Physical activity was measured by self‐report via the Habitual Activity Estimation Scale (HAES). The percentage of time awake that participants were active was assessed separately for weekdays versus weekends. Inactivity was defined as "inactive" and "somewhat inactive" categories; whereas, activity included only "active" and not the "somewhat active" category. Lung function was measured via spirometry and Multiple Breath Washout (MBW) using the Exhalyzer D (EcoMedics, AG© Switzerland) in the first 30 participants at enrollment into the *Do More, B\'More, Live Fit* trial. This randomized control trial will enroll a goal of 60 participants into a 6‐month fitness training program designed to optimize exercise habits of 12‐21 year‐olds with CF.

**Results:** Of the 30 participants, 15 were males (50.0%), the mean age was 14.5 years (SD 2.26; range of 12‐21 years) and the mean FEV1 was 84.4% (SD 18.2; range of 28‐108%). The mean percent weekday active time was 18.7% (SD 17.3; range of 0‐51.8%); whereas the mean percent weekend active time was 19.89% (SD 19.6; range of 0‐64.8%). The mean percent weekday inactive time was 47.8% (SD 20.9; range of 12.8‐83.5%) and the mean percent weekend inactive time was 46.9% (SD 20.3; range of 11.6‐100%). Participants that were more active on weekdays tended to be more active on weekends with a correlation of r = 0.7739 (p \< 0.001). Weekday and weekend inactivity levels were also significantly correlated r = 0.4715 (p = 0085). As hypothesized, FEV1 was significant in a negative correlation with LCI 2.5 and LCI 5.0, r = ‐0.739 (p \< 0.001) and r = ‐0.694 (p \< 0.001) respectively. There was a trend for a correlation between weekday activity levels with LCI 2.5 and LCI 5.0, r = 0.28 (p = 0.134) and r = 0.31 (p = 0.096) respectively. Weekday activity and FEV1 were not correlated r = ‐0.1859 (p = 0.325). Weekday inactivity, weekend activity and inactivity levels were not associated with FEV1 or LCI.

**Conclusions:** While there is no significant correlation between self‐reported PA level with ventilation inhomogeneity; there does appear to be a trend between weekday activity and LCI 2.5/LCI 5.0. These data suggest that LCI may prove to be a more sensitive indication of the response to PA than FEV1. With continued enrollment into the *Do More, B\'More, Live Fit* trial, this trend may be further elucidated.

**Support:** T32HL072748 and The Herbert Bearman Foundation.

**465\***

**ASSESSING THE BENEFITS OF TAI CHI IN PEOPLE WITH CF AND THE FEASIBILITY OF DELIVERING TAI CHI OVER THE INTERNET (SKYPE®)**

[Madge, S.]{.ul} ^1^; Ronan, P.^2^; Robinson, N.^2^; Agent, P.^1^; Mian, A.^2^; Carr, S.B.^3^ *1. Department of Cystic Fibrosis, Royal Brompton Hospital, London, United Kingdom* *; 2. South Bank University, London, United Kingdom* *; 3. Paediatrics, Royal Brompton Hospital, London, United Kingdom*

**Introduction:** Tai Chi (TC) is an ancient Chinese martial art which uses controlled movement forms and meditative techniques to aid posture, strength and wellbeing. Due to risks of cross infection group classes are not possible.

**Aim:** To investigate perceived physical and psychological benefits of Tai Chi (TC). To compare face‐to‐face (F2F) with internet based (IB) TC teaching.

**Methods:** Participants were randomised to F2F lessons at home (group 1) or IB teaching (group 2). A course of eight TC forms were taught over three months in eight lessons, a friend or family member was allowed to learn with them. Semi‐structured interviews were carried out at the end of each TC session and telephone interviews at the end of the study conducted by an independent member of the research team.

**Results:** Fifty participants were recruited, 40 participants completed the full course (23 in group 1) (age range 6.1‐51.5 y). Eleven participants withdrew: n=7 prior to starting lessons (logistics, too busy, ill health), n=4 after starting TC (n=3 from group 2: 1 child could not see the teacher on the iPad, 1 home computer broke, 1 missed lessons), the F2F withdrawal was for ill health.

Semi‐structured interviews: Twenty‐three (58%) reported improvement in breathing (group 1: 70%, group 2: 30%). Eighteen (45%) reported an increase in sputum production when TC was done prior to airway clearance (group 1: 44%, group 2: 56%). Eighteen (45%) reported improvements in posture (group 1: 61%, group 2: 39%). Thirty‐six (90%) reported feeling calmer and less stressed when they did TC (group 1: 61%, group 2: 39%).

Telephone interviews (n=20, group 1: n=11): All discussed enjoying both methods of teaching TC. Reasons included convenience for the family, no need to travel, reduced risk of infection, and reduced embarrassment of disrupting a class through coughing. Comments included: able to take bigger breaths, able to breathe better at night and using TC to relax when stressed.

**Conclusion:** We have shown that teaching TC (F2F or IB) in the home environment is feasible. Most participants also took the option of having the lessons with a friend or family member. Classes were reported as popular and achievable. Patients reported benefits in breathing, sputum expectoration, being calmer and less stressed. Extension of TC teaching over the internet in the form of group classes will be the next logical step to make this a financially achievable therapy.

**466\***

**PATIENT REPORT OF ADHERENCE AND BARRIERS TO AIRWAY CLEARANCE AND EXERCISE**

[Black, K.D.]{.ul} ^1^; Barfield, W.^2^; Flume, P.A.^3^ *1. Physical Therapy, Medical University of South Carolina, Johns Island, SC, USA* *; 2. Respiratory Therapy, Medical University of South Carolina, Charleston, SC, USA* *; 3. Pulmonary and Critical Care Division, Medical University of South Carolina, Charleston, SC, USA*

**Objectives:** Airways clearance therapy (ACT) is a fundamental component of the treatment of cystic fibrosis (CF) airways disease. Exercise is recommended as an important adjunct to ACT. However, adherence to ACT is generally reported as poor and we suspect the same for exercise. We sought to measure subjective adherence and identify barriers to airway clearance and participation in exercise in patients with cystic fibrosis.

**Methods:** An eleven‐item survey consisting of questions in regards to perceived importance of ACT and exercise, as well as the patient\'s ability, adherence and barriers to ACT and exercise was administered to 24 patients in clinic from January 2016 to April 2016. Six questions were specific to ACT and 5 questions were specific to exercise. Five questions specific to adherence, ability and importance were measured on a Likert scale, five questions specific to mode of ACT and exercise and barriers were open ended for response and one question was close ended.

**Results:** The median age of patients surveyed was 27 years; 17 were females (70%). One patient did not complete ACT questions as they were not applicable to the patient (status post‐lung transplant). Adherence to prescribed ACT was reported to be 73.7% overall with 87% of patients rating their adherence to ACT as \>70%. All but one patient reported performing ACT at least once daily. All but one patient reported utilizing a vest for ACT (95.7%) with other modes including: Flutter or Acapella (26.1%), Aerobika (21.7%), manual chest PT (13%), and exercise (13%). Seventy percent of patients reported time as being a barrier to performing ACT. Over half (62.5%) of patients surveyed reported exercising regularly. In our sample, age was not a predictor of reported participation in regular exercise; however, females were more likely to report regular exercise than males surveyed (70.5% of females, 42.8% of males). Three common barriers to exercising regularly emerged including: lack of time (37.5%), energy (37.5%) and motivation (33.3%). The average rating for ability to perform all prescribed ACT was rated as 8/10 (0 =great difficulty, 10 = no difficulty) and the average rating for importance of performing all prescribed ACT was 8.7/10 (0 = not important at all, 10 = very important). The average rating for ability to exercise regularly (3‐5x/week) was 7.1/10 and the average rating for importance of regular exercise was 6.8/10.

**Conclusions:** A majority of adult CF patients reported adherence with their prescribed ACT, reporting time as the primary barrier to treatment. Fewer patients reported exercising regularly, reporting lack of time, energy and motivation as barriers to exercise. Generally, patients rated their ability to perform ACT and exercise highly, but reported less importance for engaging in regular exercise. Age did not appear to be a factor in engaging in exercise, but females were more likely than males to report engaging in exercise. Future interventions and counseling of patients should aim to overcome barriers to ACT and exercise identified through this questionnaire.

**467\***

**USE OF TECHNOLOGY TO MEASURE ADHERENCE TO, AND QUALITY OF AIRWAY CLEARANCE TECHNIQUES**

[Richmond, M.]{.ul}; Lee Son, N.; Chilvers, M.; McIlwaine, M. *CF Clinic, BC Children\'s Hospital, Vancouver, BC, Canada*

**Introduction:** People with cystic fibrosis (CF) are required to perform daily airway clearance techniques (ACT). This technique may take anywhere from 20 -- 120 minutes daily and can be monotonous. As a result, reported adherence is very low at 30 -- 45% (O\'Donohoe R, et al. Respir Care. 2014;59:1731‐46). Reported adherence is also known to be higher than actual adherence (Modi AC, et al. J Cyst Fibros. 2006;5:177‐85). Prior to this study there has been no objective way to measure either adherence to, and the quality of the ACT.

**Objective**: This is a pilot study to assess the use of technology to objectively measure adherence to, or quality of ACT while performing the Positive Expiratory Mask (PEP).

**Methods**: A digital manometer using Bluetooth technology was developed with the assistance of a software company and was connected to the pressure port of the PEP mask. This digital manometer measured and recorded pressure, inspiratory and expiratory times, number of breaths and sets of PEP performed and the time of day the session was performed. The study enrolled 10 patients with CF or bronchiectasis between 6 -- 12 years of age who routinely performed PEP mask therapy on a daily basis at home. Each patient then performed two treatments (A and B) using the PEP mask in a randomized order. Treatment A was to perform PEP with a manual manometer as they would at home, while the digital manometer recorded the session without feedback to the patient. Simultaneously, a physical therapist trained in the use of PEP subjectively scored the patient\'s technique out of 10. Treatment B was to perform PEP using the digital manometer for feedback. The software then calculated quality of the treatment based on: achieving an inspiratory pressure of between 10 -- 20 cm H~2~O for at least 2 seconds, number of breaths taken and sets completed.

**Results:** All 10 patients completed the pilot study. Half were randomised to receive treatment A first and the other half treatment B first. Mean percentage of quality of treatment A was 70.5%±20.5 versus 93.9%±8.6 with treatment B (P=0.001). The physical therapist\'s assessment of quality was 80% while patient performed treatment A. The Table shows individual ratings.

**Conclusions:** The use of the digital manometer with onscreen feedback improved quality of treatment significantly. The physical therapists overrated quality of the treatment session. The second part of this study is now planned where patients will take the digital manometer home but will be blinded to its use and adherence and quality of treatment will be measured over 4 months.
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**468\***

**EVALUATION OF THE COMBINATION OF POSITIVE EXPIRATORY PRESSURE AND NEBULIZATION WITH CYSTIC FIBROSIS PATIENTS**

[Aubriot, A.]{.ul} ^1,4,5^; Lebecque, P.^1^; Teresinha, L.^2^; Liistro, G.^3^; Reychler, G.^3,4,5^ *1. Pediatric CF Center, UCL Saint‐Luc Brussels, Woluwe‐Saint‐Lambert, Belgium* *; 2. Louvain Centre for Toxicology and Applied Pharmacology, UCL Sain‐Luc, Brussels, Belgium* *; 3. Pneumonology Dept, UCL Saint‐Luc, Brussels, Belgium* *; 4. IREC, UCL Saint‐Luc, Brussels, Belgium* *; 5. Physical Medicine, UCL Saint‐Luc, Brussels, Belgium*

**Introduction:** Positive airway pressure (PEP) is frequently used in patients with cystic fibrosis (CF). The combination of PEP and nebulization could reduce the treatment time and the perceived treatment burden in these patients.

**Study Objective:** To compare in vivo amikacin lung delivery by a classical jet nebulizer (LC Sprint, PARI, DE) used alone (NEB‐alone) or coupled to a PEP device (NEB‐PEP) (Pari PEP, DE).

**Method:** Amikacin (500 mg/4mL)(Bristol‐Myers) was nebulized with both configuration devices. Lung delivery was assessed in CF patients by urinary monitoring of excreted amount of amikacin.

**Results:** The study was enrolled and completed by nine stable CF patients (6 males). The mean age of patients was 28.5±9.5 y. FEV1 was 68.5% ± 17.8. Lung dose was similar when comparing NEB‐alone and NEB‐PEP (10.1±3.4 vs 9.1±3.4 % initial dose; p=0.357), as well as half‐life (4.72±2.0 vs 4.70±1.1; p=0.457) and elimination rate constant 0.17±0.07 vs 0.18±0.04; p=0.759).

**Conclusion:** These data suggest that the combination of NEB‐PEP does not modify the efficacy of NEB alone. To combine NEB and PEP allows a significant time savings in the daily care for patients without modifying lung delivery and it could improve treatment adherence.

**469** **\*** **▴**

**AUGMENTING ESTABLISHED VEST (HFCWO) AIRWAY CLEARANCE BY ADDING AEROBIKA^®^ IN PATIENTS WITH CYSTIC FIBROSIS: A PILOT STUDY**

[Wojtczak, H.A.]{.ul}; Hadfield, B.R. *Pediatrics, Naval Medical Center San Diego, San Diego, CA, USA*

**Introduction:** Patients with cystic fibrosis (CF) have impaired ability to clear thickened lower airway secretions, which often leads to progressive loss of lung function, pulmonary exacerbations, and ultimately respiratory failure. Airway clearance treatment (ACT) aims to improve ventilation and mucociliary clearance through the removal of tenacious and obstructing secretions, however ACT often adds a significant treatment burden. High frequency chest wall oscillation (HFCWO) is the most common method for ACT in the US CF population. The Aerobika®, an oscillatory positive expiratory pressure (OPEP) device, approved by the FDA in May 2013, has become a common device within the US CF care community, despite the paucity of published literature. Many CF ACT studies comparing modalities have been published; however, few studies compare simultaneous use of 2 ACT modalities in an outpatient setting. The objectives of our pilot study are to: 1) provide preliminary evidence on the clinical efficacy of augmented ACT in CF patients by combining simultaneous use of the Aerobika® and HFCWO, while providing preliminary data related to candidate primary outcomes that allows for future trials; 2) search for possible effects and associations; and 3) help inform decisions about larger clinical trials and patient inclusion criteria.

**Methods:** In our retrospective chart review, we analyzed the effect of the Aerobika® on FEV~1~, FEF~25‐75~, BMI, need for additional antibiotics and frequency of pulmonary exacerbations in six CF patients. Selected patients had the Aerobika® added to their routine daily HFCWO. Patients served as their own controls for the 8‐12 months pre‐ and post‐Aerobika® period. Outcome metrics measured included rate of change of FEV~1~, cumulative days of additional antibiotics, and number of pulmonary exacerbations. Paired change in value from pre‐ to posttreatment was used in analysis for all variables. Linear regression was used and the slopes of the pre‐ and postinitiating Aerobika® data were compared against the null hypothesis. In addition we will calculate index of individuality.

**Results:** Linear regression analysis of lung function measures, BMI, antibiotic usage, and CF exacerbations has been completed and shows that patients with an initial FEV~1~ \<70% tended to show the largest improvements, most notable for reduced rate of decline in FEV~1,~ and reduction in antibiotic usage. We also calculated the index of individuality for FEV~1~ values and compared these to group values, finding a reference interval \< 0.6 supported comparing the individual to him or herself rather than a population‐based comparison.

**Conclusions:** These data support the need for further research into augmenting established ACT strategies in CF patients with moderate to severe lung disease by using OPEP devices like the Aerobika® in combination with HFCWO.

**470**

**USE OF AN OSCILLATING POSITIVE EXPIRATORY PRESSURE (OPEP) DEVICE WITH A BREATH‐ACTUATED NEBULIZER FOR THE DELIVERY OF HYPERTONIC SALINE**

[Coppolo, D.P.]{.ul} ^2^; Suggett, J.A.^3^; Nagel, M.W.^3^; Mitchell, J.P.^1^ *1. Jolyon Mitchell Inhaler Consulting Services Inc., London, ON, Canada* *; 2. Monaghan Medical Corp., Plattsburgh, NY, USA* *; 3. Trudell Medical International, London, ON, Canada*

**Background / Objective:** Hypertonic saline is associated with increased mucociliary clearance of secretions. OPEP therapy helps to mobilize secretions mechanically. This laboratory investigation examined the performance of a breath‐actuated nebulizer (BAN) in conjunction with OPEP for the delivery of hypertonic saline to see if the OPEP affected the emitted aerosol size distribution.

**Methods:** The AeroEclipse®‐XL BAN (MMC, n = 5 devices) with tabletop compressor (Ombra®) was evaluated for the delivery of hypertonic saline (4 mL, 7% v/w NaCl aq.) with and without the OPEP device (Aerobika®, MMC) inserted between the mouthpiece and nebulizer. Aerosol from the BAN was "inhaled" via a vacuum source operated at 28.3 L/min, and sized by a laser diffractometer (Malvern Spraytec, Malvern, UK). Comparative measurements were also made with a widely encountered breath‐enhanced nebulizer (LC‐Plus®, PARI Respiratory Equipment, Midlothian, VA; n = 5 devices) operated by tabletop compressor (BOY‐SX).

**Results:** Measures of the aerosol size distribution were volume median diameter (VMD) and fine droplet fraction defined as the % \< 4.7 μm diameter (FDF\<~4.7~µ~m~), and are summarized in The Table.

**Conclusions:** The addition of the OPEP device marginally reduced droplet size (paired t‐test for each metric, p \< 0.001), but the effect was small and likely unimportant, given that the finer droplets are more likely to penetrate further into the airways of the lungs, especially when restricted by secretions. The comparator BEN device produced similar, if slightly larger, droplet size results. Use of the AeroEclipse®‐XL with tabletop compressor, either with or without the concurrent use of the Aerobika\* OPEP device, would appear to be an effective method of delivering hypertonic saline to the lungs for the purpose of mucociliary clearance.

**Table: Nebulizer‐Generated Aerosol Droplet Size Distribution Parameters (mean SD) for Delivery of Hypertonic Saline (7% w/v NaCl aq.)**
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**471**

**CAPTURING AND COMPARING ENDURANCE PERFORMANCE IN PATIENTS WITH CYSTIC FIBROSIS UNDERGOING INCREMENTAL SHUTTLE WALK TEST AND SIX‐MINUTE WALK TEST**

[Drake, A.]{.ul} ^1^; Zehentbauer, T.^1^; Webb, T.^1^; Miller, T.R.^2^; Wright, N.^2^; Patel, A.^2^; Tanner, K.^1^; Gates, E.^1^ *1. Clinical Therapies, Nationwide Children\'s Hospital, Columbus, OH, USA* *; 2. Cardiopulmonary Rehabilitation, Nationwide Children\'s Hospital, Columbus, OH, USA*

**Introduction**: Many exercise programs use the six‐minute walk test (6MWT) to assess change in endurance in patients with cystic fibrosis (CF). However, it is unclear if the 6MWT truly captures maximum distance and speed for these patients, partially due to lack of external motivation apart from the test requirements of standardized verbal encouragement. In contrast, the Incremental Shuttle Walk Test (ISWT) provides external motivation to the test participant with the goal of reaching the 10 meter distance prior to the audible beep. The purpose of this retrospective chart review was to determine if the ISWT better captures endurance, as measured by distance and speed, in comparison to the 6MWT. The results of these two tests were compared both pre‐ and post‐cardiopulmonary rehabilitation program.

**Methods**: Institutional Review Board (IRB) approval was obtained and demographic and clinical data were gathered through retrospective chart review. Data were collected from the charts of 27 patients with CF who had completed a 6‐10 week outpatient cardiopulmonary rehabilitation program within the past 2 years. Participants completed ISWT and the 6MWT both pre‐ and post‐rehabilitation. Data of these two tests were collected and analyzed; variables of interest included distance, speed, heart rate, and oxygen saturation. Data were analyzed using paired t‐tests and separate repeated measures analysis of variance (ANOVA).

**Results**: When comparing the ISWT and 6MWT, a series of paired t‐tests revealed significant differences between the endurance tests in speed and distance both pre‐ and post‐rehabilitation (p\<.0125). Examination of mean scores indicated that both the speed and distance were greater for ISWT than 6MWT at both time points. Results of the separate ANOVAs revealed significant improvements (p\<.001) in distance and speed from pre‐ to post‐rehabilitation regardless of the endurance test performed.

**Conclusions**: Participants of an outpatient cardiopulmonary rehabilitation program with CF were able to ambulate greater distances and at higher speeds during the ISWT both before and after rehabilitation. This study suggests that the external motivation of the ISWT better captures endurance than the 6MWT and therefore may be more beneficial when measuring the outcome of an exercise prescription for participants in a cardiopulmonary rehabilitation program.

**472** **▴**

**INVESTIGATING THE IMPROVEMENT IN PHYSICAL AND PULMONARY ENDURANCE AS MEASURED BY THE MODIFIED SHUTTLE WALK TEST AND FEV1 IN PEDIATRIC PATIENTS ADMITTED TO THE HOSPITAL FOR ACUTE CYSTIC FIBROSIS EXACERBATION**

[Griego, B.]{.ul}; Tataria, S.; Kirchner, K. *Children\'s Healthcare of Atlanta, Atlanta, GA, USA*

**Background and Purpose:** The current gold standard of clinical improvement in patients admitted to the hospital with a cystic fibrosis (CF) exacerbation is FEV~1~, measured by standardized spirometry. However, FEV~1~ may not accurately predict a patient\'s exercise tolerance and great variability exists between patients with comparable lung function (Radtke T, et al. Pediatr Phys Ther. 2009;21:275‐81). After a review of literature, no studies were found that measured change in physical endurance in pediatric patients during an acute CF exacerbation. The purpose of this study is to examine the change in physical endurance measured by the Modified Shuttle Walk Test (MSWT) and pulmonary endurance measured by FEV~1~ in pediatric CF patients hospitalized for an acute exacerbation, and how that change differs based on the severity of a patient\'s disease.

**Study Design:** This study includes 79 pediatric patients between 7‐21 years of age hospitalized with an acute CF exacerbation. All patients received a 14‐day course of antibiotic therapy, airway clearance, nutritional support, and daily physical therapy. Patients were divided into three groups based upon the severity of underlying lung disease (expressed as percent predicted lung function) on admission ‐ Mild: FEV~1~ ≥70%, Moderate: FEV~1~ 40‐69%, Severe: FEV~1~ \<40%. The percent change in performance on the MSWT and percent change in FEV~1~ (from admission to discharge) were recorded for each patient. No protected health information was removed or recorded and no link exists to identify participating patients.

**Results:** Significant improvement was noted within all groups on the MSWT and FEV~1~ despite severity of disease. However, for MSWT, no significant difference in mean percent change was identified between the mild (6.82%), moderate (8.37%), and severe (4.17%) groups as tested by a 2‐way ANOVA. For FEV~1~, the mild group (10.4%) demonstrated significantly less improvement in airflows compared to the moderate (17%) and severe (22.9%) groups as tested by a 2‐way ANOVA using a Fisher LSD test for significance. No significant difference was identified between moderate and severe groups for FEV~1~. The percent improvement in FEV~1~ was significantly larger than the percent improvement on the MSWT in the moderate and severe groups, but no difference was noted in the mild group.

**Conclusion:** This study demonstrates that in the moderate and severe groups, the pulmonary endurance measured by FEV~1~ improves significantly more than physical endurance. The limited improvement in the MSWT during the studied interval may have occurred because physical endurance recovery requires more time. Administration of the MSWT in the outpatient setting, if conducted on an annual basis, would provide a baseline quantitative measure of the trajectory of a patient\'s physical endurance. In the same way that FEV~1~ monitors and guides treatment, the MSWT may prove useful in monitoring physical endurance and would assist clinicians in tailoring a continuous exercise program that improves patient outcomes over the lifetime of CF care.

**473**

**6MWT AND CFQ‐R WITH FEV~1~ ‐ MULTIPLE OUTCOME MEASURES IN CF**

[Kaye, M.]{.ul} ^2^; Roberti‐ Miller, A.^2^; Bhatia, R.^1^ *1. Pediatric Pulmonology, Akron Children\'s Hospital, Akron, OH, USA* *; 2. Pediatrics, Akron Children\'s Hospital, Akron, OH, USA*

**Introduction:** We previously showed the utility of multiple outcome measures like 6MWT (6 Minute Walk Test), CFQ‐R (Cystic Fibrosis Questionnaire‐Revised) and PFT during CF pulmonary exacerbation (Bhatia R, et al. Pediatr Allergy Immunol Pulmonol. 2012;25:86‐91). The goal of this study is to investigate how 6MWT, CFQR domains and PFT change over time including exacerbations and baseline health in CF.

**Methods:** We performed 6 MWT, PFT, and CFQ‐R in moderate‐to‐severe CF subjects for a year at each outpatient visit as well as weekly during hospitalization. The first four encounters for each patient were chosen as a baseline; from these encounters the best and worst scores for FEV~1~ and 6MWT were noted. Next FEV~1~ and 6MWT relative best and worst scores were calculated at each encounter (ex. FEV~1~ Best Relative Score = Encounter FEV~1~ / Best FEV~1~) to limit the bias. For CFQ‐R domain scores, the reported composite scores in each domain were used.

**Results**: Nine CF subjects have completed the study so far with 51 usable data points. The 6MWT Relative Worst Scores and FEV~1~ Relative Worst Scores are significantly correlated (0.28, *p* = 0.04). While 6MWT Relative Worst Scores and CFQ‐R Physical domain scores are significantly correlated (correlation = ‐ 0.34, *p* = 0.03), FEV~1~ Relative Worst Scores and CFQ‐R Physical domain scores are not significantly correlated suggesting 6MWT and FEV~1~ are explaining different components of the physiological changes. Visualization of data via scatterplots with imposed linear regression line reveals a line with a small positive slope for FEV~1~ vs 6MWT Relative Best Scores, with 6MWT increasing at a faster rate than FEV~1~, indicating that the two clinical measures offer different information (Figure). Examination of CFQ‐R Respiratory domain vs the 6MWT and FEV~1~ Relative Scores reveal all to have positive a slope, with the 6‐MWT Relative Best Score having a steeper slope than that of FEV~1~ indicating that the two measures are not in agreement as measures of respiratory function (Figure).

**Conclusion:** Our preliminary data suggest that 6MWT, CFQ‐R and FEV~1~ measure different aspects of CF pathology and multiple outcome measures should be utilized in CF care to get the complete picture.
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**AIRWAY CLEARANCE TECHNIQUES IN CYSTIC FIBROSIS ACROSS THE AGES IN NORTH AMERICA**

[McIlwaine, M.]{.ul} ^1^; Richmond, M.^1^; Chilvers, M.^2^; Lee Son, N.^1^ *1. Physiotherapy, BC Children\'s Hospital, Vancouver, BC, Canada* *; 2. CF Clinic, BC Children\'s Hosptial, Vancouver, BC, Canada*

**Introduction:** Airway clearance techniques (ACTs) are used on a daily basis by individuals with CF. A survey of 84 CF centres, conducted in 1994 at the North American Cystic Fibrosis Conference (NACFC) revealed that postural drainage and percussion (PDP), performed in tipped positions, was the primary ACT used with only a few centres using the Vest. Since then airway clearance courses have been taught on a yearly basis at the NACFC and include the following ACTs: PDP, Active Cycle of Breathing (ACBT), Autogenic Drainage (AD), Positive Expiratory Pressure (PEP), Flutter, Acapella and High Frequency Chest Wall Oscillation (HFCWO), with the aim of selecting an appropriate ACT for the individual with CF using a collaborative approach with the healthcare provider.

**Aim:** To examine changes over the past 20 years in the use of ACTs in North America. To determine if there are differences in the ACTs used based on the age of the individual with CF. To determine if there are differences in ACTs used in Canada and the USA.

**Method:** Based on the 1994 ACT survey, an Airway Clearance Survey was created at BC Children\'s Hospital to gather information about current practice in ACTs used with the CF population. The survey was distributed at the 2015 NACFC during the various Respiratory Therapy (RT) and Physical Therapy (PT) sessions. The survey asked the respondents to identify which ACTs were being used at their CF centers and at which specific ages, treatment time length, which healthcare professional taught ACTs, when these techniques were initiated and how often these techniques were reviewed.

**Results:** The survey was completed by 75 respondents from the USA and 18 respondents from Canada. The results indicated that a wide variety of ACTs are used by individuals with CF. PDP was still the predominant ACT reported in the 0‐6 year group in Canada and the USA; however, 4% of the American respondents and 0% of the Canadian respondents continued to use tipped positions. ACTs that were dependent on breathing patterns, such as AD and ACBT, were more commonly used in the \> 12 year age group. The adult group appeared to have the broadest use of ACTs. The ACT of HFCWO was more common in the USA than Canada across all age groups; 56 -- 69% of American respondents reported use of the HCFWO at their center, depending on age, compared to 6 ‐ 33% of Canadian respondents. ACTs were primarily taught by RTs in the USA and by PTs in Canada; 85% were RTs in the USA and 100% were PTs in Canada. American respondents reported reviewing ACTs an average of 2.2 times per year compared to an average of 3.1 times per year in Canada. ACT teaching was initiated at diagnosis more often in Canada; 72% of Canadian respondents and 35% of American respondents.

**Conclusion:** A wide variety of ACTs are now being used to treat individuals with CF in North America compared to 20 years ago. Differences in the choice of ACT used by an individual with CF may be influenced by their age and country they live in. Limitations of this study included low number of Canadian respondents and lack of standardized survey responses. Further studies will be required to continue to look at the ACTs used by the CF population.

**475**

**DOES INCREMENTAL SHUTTLE WALK TEST PREDICT LEVELS OF FITNESS IN ADULTS WITH CF?**

[Bellini, R.]{.ul}; Cazzarolli, C.; Tridello, G.; Borruso, A.; Tartali, C.; Pradal, U. *Cystic Fibrosis Center, Azienda Ospedaliera Universitaria Integrata, Verona, Italy*

**Background:** Standardized exercise testing should be part of the regular assessment of subjects with cystic fibrosis (CF). Higher levels of fitness are associated with better prognosis and survival. The cardiopulmonary exercise test (CPET) provides detailed information about ability to exercise. In CF, Palange, et al. identified subjects with VO~2~ peak ≥ 82% predicted as those with the highest levels of fitness with CPET. The incremental shuttle walk test (ISWT) represents an alternative to CPET but it does not identify the possible cause of lower exercise capacity level. Probst, et al. developed an ISWT reference equation in healthy subjects to determine the predicted ISWT distance (ISWD).

To date there are no threshold values to identify subjects with higher levels of fitness on the basis of predicted ISWD.

**Aims:** To determine the best cut‐off of ISWD to discriminate CF subjects with highest levels of fitness.

**Methods:** Retrospective analysis was conducted on 73 (43F) adult subjects with CF (mean age 28±6 y; mean FEV~1~ 74±18% pred) who performed ISWT and CPET within 1 month from 2011 to 2015. Anthropometric data and lung function were collected from clinical records. ISWT and CPET were performed according to ERS/ATS recommendations. Subjects awaiting lung transplantation and subjects who needed oxygen supplementation were excluded.

A logistic model was performed in order to define the relationship between ISWT (distance and predicted distance) and the level of fitness (high vs low). Successively, a ROC curve was performed in order to detect the best threshold value to identify subjects with a high level of fitness. The best cut‐off was selected according to the maximum Youden index (Sensitivity + Specificity -- 1), in order to obtain the higher sensitivity and specificity values.

**Results:** A cut‐off of 1010 meters provided the higher Youden index with a sensitivity of 86% and a specificity of 61%. Using the threshold value for ISWT 53% of patients could be classified as subjects with a high level of fitness despite only 30% of patients showed high levels of fitness (VO~2~ peak ≥ 82% pred) according to the gold standard CPET. Among subjects that performed ≥1010 meters, 49% had high levels of fitness compared to the 9% for patients below the cut‐off. The Probst\'s reference equation was not applicable in this cohort of patients, due to the difference in age and BMI thus the predicted distance was not considered.

**Conclusions:** An ISWT cut‐off could identify subjects with lower fitness levels, but these results were related to a small population and showed a poor specificity.

The development of a reference equation could allow a better interpretation of walking performance that is generally adopted to evaluate the ability to respond to treatment‐induced changes in exercise capacity.

**476**

**CORRELATION BETWEEN COBB ANGLE MEASUREMENT OF THORACIC KYPHOSIS AND SEVERITY OF PULMONARY DISEASE IN ADULTS WITH CYSTIC FIBROSIS**

[Fries, L.M.]{.ul} ^1^; Cahill, B.^2^; Arora, A.^3^; Thomas, R.^3^; Frederick, C.A.^1^ *1. UBMD Internal Medicine, State Univ of NY at Buffalo, Buffalo, NY, USA* *; 2. Pediatrics, State Univ of NY at Buffalo, Buffalo, NY, USA* *; 3. Radiology, State Univ of NY at Buffalo, Buffalo, NY, USA*

**Introduction:** Pulmonary disease is the main cause of morbidity and mortality in patients with cystic fibrosis (CF) (Erkkila J, et al. Clin Orthop Relat Res. 1978;131:146‐50). Past studies in children with CF suggest the degree of thoracic kyphosis positively correlates with severity of pulmonary disease as measured by FEV~1~ and FVC (Denton J, et al. Clin Orthop Relat Res. 981;155:71‐4). Bone disease is a common complication of adults with CF resulting in low bone density and increased risk of fracture. Consideration may be given to increased kyphosis as an added risk factor for compression fracture. Trunk deformity by elevated thoracic kyphosis may compromise vital capacity in other patient populations as well (Swisher A, et al. CF 101 Phys Therapist. 2010;5,23). If there is a positive correlation between thoracic kyphosis and severity of lung compromise, postural correction as a potential positive intervention may be warranted. Our primary aim was to analyze the correlation between thoracic kyphosis as measured by Cobb angle and FEV~1~ and FVC as measurements of pulmonary disease.

**Methods:** The study evaluated 52 subjects with CF (age 18‐59y). Eligible subjects had a PA and lateral chest x‐ray (CXR) performed between Sep 2014 and Sep 2015 and at least two spirometries in the year prior. For subjects with multiple CXRs during that time, the most recent CXR was selected. The best FEV~1~ in the year prior to CXR was used for analysis. Alternate Cobb and vertebrocentric angles were measured on the upright lateral CXR between T4 and T9. Angles of kyphosis were measured three times by one reader to ensure internal validity and a third of these were verified by a blinded second reader.

**Results:** Data were analyzed by Pearson Correlation Coefficient (PCC). No significant correlations were found between either the Alternate Cobb or vertebrocentric angle and FEV~1~ (‐0.09, p=0.50, ‐0.091, p=0.52 respectively) or FVC (‐0.02, p=0.89,‐0.091, p=0.53). Age, BMI and number of hospitalizations were analyzed and no correlation with degree of kyphosis was found. Collectively the PCC for all of the above variables related to kyphosis were nearly 0 (‐0.21‐0.11) suggesting that even with a sample size of \>300, correlation would unlikely be clinically or statistically significant.

**Conclusions:** Physical therapy, strengthening and conditioning are recognized as important components of CF care. Evaluation and treatment for postural dysfunction is included in the CF 101 Guide for Physical Therapy (Swisher A, et al. CF 101 Phys. Therapist. 2010;5,23). Despite prior studies in pediatric and adolescent CF populations concluding that kyphosis increased with severity of pulmonary compromise, this correlation was not found in our adult CF population. Failure of finding a correlation does not indicate that correcting postural dysfunction is without benefit. Unmeasured benefit such as decreased pain, improved functional status, limited progression of kyphosis or stabilization of lung function over time may exist. Future research is needed to help target rehabilitation efforts.

**477**

**INCREMENTAL TEST WITH NONINVASIVE VENTILATION (NIV) SUPPORT VS OXYGEN SUPPLEMENTATION IN ADULT PATIENTS WITH CYSTIC FIBROSIS**

[Rodriguez Hortal, M.]{.ul} ^1,2^; Hedborg, A.^1^; Nygren‐Bonnier, M.^1,2^; Hjelte, L.^1,2^ *1. Karolinska University Hospital, Stockholm, Sweden* *; 2. Karolinska Institutet, Stockholm, Sweden*

**Introduction:** Noninvasive ventilation (NIV) with bilevel‐PAP (positive airway pressure) reduces respiratory muscle work, prevents respiratory muscle fatigue and could thus be a good alternative for very ill patients who need extra support during training.

The aim of the study was to investigate if NIV is as effective as oxygen supplementation during an incremental test.

**Methods:** Eight patients (3 males, 5 females), age 30 (18‐53) years and FEV~1~ 45 (27‐57) % predicted, completed an incremental test on a treadmill (Bruce protocol) comparing standard treatment (oxygen supplementation) with NIV.

Lung function test FEV~1~ and FVC, PCO2 (transcutaneous), Borg RPE Scale, Rating of Perceived Dyspnea Scale, oxygen saturation (SpO2), respiratory rate and heart rate were measured before and after the test in both groups. Distance completed was recorded.

Wilcoxon signed‐ranked test was used for statistical analysis. Results are presented as median and range.

**Result:** SpO2 decreased after NIV from 97% (92‐99) to 90% (90‐97) p=0.01; and after oxygen supplementation from 96% (94‐99) to 93% (91‐95) p=0.01. There was no difference between the groups (p=0.43).

The tcPCO2 increased after NIV from 4.5 kPa (4‐5.68) to 5.43 kPa (4.6‐6.07) p=0.03; and after oxygen supplementation from 4.84 kPa (4.28‐5.69) to 6.34 kPa (6.13‐6.57) p=0.01, ie, tcPCO2 increased less in the NIV group (p=0.01).

FEV~1~ and FVC did not change significantly before and after in either group. Heart rate increased after NIV from 86 (73‐97) to 150 (122‐179) p=0.01; and after oxygen supplementation from 97 (90‐112) to 153 (124‐175) p=0.01. There was a significant difference between the groups (p=0.04).

Borg RPE scale increased after NIV from 6 (6‐6) to 15 (13‐17) p=0.01; and after oxygen supplementation from 6 (6‐6) to 15 (11‐17) p=0.01 with no difference between the groups (p=0.2). Rating of Perceived Dyspnea Scale increased after NIV from 0 (0‐2) to 4.5 (3‐7) p=0.01; and after oxygen supplementation from 0.5 (0‐3) to 4 (3‐8) p=0.01. There was no difference between the groups (p=0.5).

**Conclusion:** The results in the present study showed that NIV is as good as oxygen supplementation during an incremental test for patients with CF who are severely ill. In our study NIV showed a decreased rise in tcPCO2 maintaining the tcPCO2 level within normal reference values compared to oxygen supplementation.

**478**

**DETERMINANTS OF PHYSICAL ACTIVITY IN ADULTS WITH CYSTIC FIBROSIS**

[Hubert, D.]{.ul}; Rouquette, A.; Cormier, C.; Neveux, N.; Fawzia, A.; Chapron, J.; Honoré, I.; Bakouboula, P.; Burgel, P. *Hopital Cochin‐ APHP, Paris, France*

**Introduction**: Decreased physical activity (PA) is a poor prognostic factor in various respiratory diseases, yet little data exist on activity levels in adults with cystic fibrosis (CF). We examined determinants of objectively‐measured daily PA with a special interest in extrapulmonary factors.

**Patient Sample and Methods:** In this cross‐sectional single‐center study, CF patients wore a multisensor SenseWear armband for 7 consecutive days, which evaluated the number of steps per day, energy expenditure and time spent in different intensity ("mild" PA \>3 metabolic equivalents (METS), "moderate" PA \>4.8 METS and "vigorous" PA \>7.2 METS). In addition, nutritional biological parameters, data on body composition and bone mineral density (dual X‐ray absorptiometry), body plethysmography and 6‐minute walk test were collected. Quality of life, anxiety and depression were assessed using validated questionnaires. Multivariate regression models were used to identify demographic, behavioral, clinical and biological factors independently associated with \<7500 steps/day and with time spent in the three intensities of PA.

**Results**: 80 adults with CF (46 males -- mean ±SD age: 32.1±8.9 years; BMI 21.7 ±2.9 kg/m^2^; FEV1 58.6±20.6 % predicted) were included between February 2013 and January 2015. 73 (91%) had pancreatic insufficiency and 20 (25%) had diabetes. 43 (54%) patients had chronic pulmonary colonization with *Pseudomonas aeruginosa* and 46 (57%) received a mean of 2.6 ±1.8 antibiotic IV courses in the previous year. The mean number of steps per day was 7,881 ± 3,829. The mean daily time spent in mild, moderate or vigorous activity was 3.3 ±1.8 h, 30 ± 52 min, and 1±2 min, respectively. In univariate analysis, subjects with step count/day \< 7500 had a lower FVC (p=0.015) and FEV1 (p=0.008), lower oxygen saturation during the 6‐min walk test (p\<0.05), more antibiotic IV courses (p=0.05) and lower lean body mass (p=0.002). There was a trend for women to walk less than men (p=0.078) and for a correlation between lower BMI (p=0.063) or higher blood fibrinogen (p=0.062) and lower step count per day. Time spent in activity (\>3 METS) was lower in women (p=0.032), decreased with increasing BMI (p=0.0018) and fat body mass (p=0.0001), and tended to decrease in subjects with a walking distance \<475m during the 6‐min walk test (p=0.071). No correlation was found with age, age at diagnosis, *CFTR* genotype, diabetes, bone mass density. Multivariate analyses examining determinants of time spent at moderate and vigorous activity, and multivariate analyses will be presented at the meeting.

**Conclusion**: Determinants of PA levels in adults with CF included markers of respiratory disease (FVC, FEV1, oxygen saturation during the 6‐min walk test, IV antibiotics). Importantly, nutritional characteristics appeared also strongly correlated with PA which increased with lean body mass while time spent in activity was negatively correlated with BMI and fat body mass. Finally, time in activity was higher in men than in women.

**479**

**VO~2~PEAK IS A STRONGER DETERMINANT OF HOSPITAL ADMISSION THAN FEV~1~**

[Hilton, N.]{.ul}; Craig, M.; Ledson, M.; Nazareth, D.; Walshaw, M. *Liverpool Heart and Chest Hospital, Liverpool, United Kingdom*

**Objectives:** Given that the forced expiratory volume in one second (FEV~1~) is the most frequently used marker of disease severity in CF, it fails to detect structural airway damage beyond conducting zones. Furthermore, there is growing concern that the FEV~1~ lacks sensitivity during early‐stage changes to the small airways (1). Peak aerobic capacity (VO~2~ peak) is largely affected by structural changes to the lung and is used to determine prognosis and assess lung transplantation eligibility (2). Although there is evidence to suggest that VO~2~ peak is a significant determinant of CF health‐related quality of life (3), it has yet to be established as a surrogate marker of disease severity. The aim of the study was to determine the impact of VO~2~ peak and FEV~1~ on the number of days spent receiving intravenous antibiotics (IVA).

**Methods:** Sixteen adults with CF (9 male, 7 female; 19‐60 years; mean ± SD: age 30 ± 11 y) performed a VO~2~ peak assessment following the modified Bruce protocol in accordance with European guidelines (4). Spirometry was conducted within 3 days of the exercise assessment. Inclusion criteria required patients to be deemed at least 4 weeks clear of a pulmonary exacerbation on the day of testing. The number of IVA days were determined during 6 months postexercise assessment. Data were analysed using the Pearson\'s correlation coefficient, One‐way between‐subjects analysis of variance, and post hoc test. The alpha level of significance was set at 5% (*P* \<0.05).

**Results:** There was a significant negative correlation between VO~2~peak and IVA days (r~14~ = --0.83, P \<0.001), with VO~2~peak accounting for 68% of the variation in IVA days. There was a significant negative correlation between FEV~1~ and IVA days (r~14~ = --0.68, P = 0.004), with FEV~1~ accounting for 47% of the variation in IVA days. The mean number of IVA days for the excellent VO~2~peak group (7 days, s = 5) was lower than the mean for the good (11 days, s = 10), average (14 days, s = 10), poor (15 days, s = 1) and very poor (27 days, s = 8) groups. There was a significant effect of VO~2~peak on IVA days (F~4,11~= 4.16, P = 0.027). The very poor group\'s mean IVA days (27, s = 8) was significantly higher than the mean IVA days of the excellent group\'s (7, s = 5), where the 95% CI of the mean difference between the very poor and the excellent group\'s was from 2.5 to 36.9 IVA days. There was no significant difference between the mean IVA days of the poor, average and good groups.

**Conclusion:** The main finding of the study was that VO~2~peak determined the number of IVA days to a greater extent than FEV~1~. Structural lung damage diminishes the arteriovenous oxygen difference which largely governs VO~2~peak, and therefore may be a more sensitive marker of disease severity than FEV~1~. In the future, VO~2~peak testing should be regarded as the preferred indicator of disease severity than FEV~1~. Further research including large cohorts is required to identify whether improving VO~2~peak with exercise training leads to significant reduction in hospital admissions.

**References**:

1\. Davies J, et al. Lancet Respir Med. 2013;1:630‐8.

2\. Nixon PA, et al. N Engl J Med. 1992;327:1785‐8.

3\. Hebestreit H, et al. BMC Pulm Med. 2014;14:26.
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**A RANDOMISED CONTROLLED TRIAL OF TAI CHI IN CYSTIC FIBROSIS**

[Carr, S.B.]{.ul} ^1^; Ronan, P.^2^; Robinson, N.^2^; Agent, P.^3^; Mian, A.^2^; Madge, S.^3^ *1. Paediatric Respiratory, Royal Brompton Hospital, London, United Kingdom* *; 2. South Bank University, London, United Kingdom* *; 3. Royal Brompton Hospital, London, United Kingdom*

**Introduction:** There is emerging evidence that Tai Chi (TC), an ancient Chinese martial art, has beneficial effects in some respiratory conditions. Our previous pilot study in 10 adults with CF suggested some benefit in quality of life score (CFQ‐R) and sleep quality.

**Aims:** 1) To assess the impact of learning TC on physical outcomes, quality of life, sleep quality and general wellbeing. 2) To compare these outcomes with delivery of training via individual face‐to‐face (F2F) teaching at home (group 1) or individual internet‐based (IB) teaching via Skype® (group 2).

**Methods:** Children and adults were recruited from CF clinics at the Royal Brompton Hospital to a randomised controlled trial. Participants were randomised to receive TC teaching via F2F or IB, delivered in eight sessions over 3 months. Those in the IB group had a 3‐month run‐in period of continuing usual activities. Those in both TC groups were given a DVD and handbook to aid learning and asked to practice 10 minutes a day. Measures were recorded at baseline and three months of lessons, and included the CFQ‐R, Pittsburgh Sleep Quality Index, and the Five Facets Mindfulness Questionnaire. Height, weight, and lung function (FEV~1~ and FVC) were recorded at the same time points.

**Results:** Participants: n=40 (group 1: n=23), males: n=11, median age: 20 y, (range: 6‐51 y), median height: 1.6m (range: 17.7‐87.6m), median weight: 54.6kg (range: 17.7‐87.6kg), median FEV~1~: 76% (range: 28‐106%), median FVC: 92% (range: 46‐118%). Comparison of TC versus usual activities (FEV~1~, FVC and BMI) is not significant. Comparison of group 1 between start and end of lessons: BMI: +0.5kg/m^2^, FEV~1~: ‐1.8%, FVC: ‐1.3%, (nonsignificant). Comparison of group 2 between start and end of lessons: BMI: +0.32kg/m^2^, FEV~1~: +1%, FVC: +1.7%, (nonsignificant). Comparison of group 1 with group 2 at end of lessons showed significance in FVC only (p\<0.03). Change in questionnaire scores for both groups from start to end of lessons is not significant.

**Conclusions:** This is the first randomised controlled trial of Tai Chi in CF. A slight clinical improvement in FVC was found in the Skype® group. All participants completing TC training maintained their lung function. The slight improvement in BMI was not statistically significant. This study shows that internet‐based teaching is acceptable to all ages and can be a safe method of teaching complex instructions to patients who cannot join group lessons.

**481**

**MUSCULOSKELETAL AND SEROLOGICAL FINDINGS IN AN ADULT CYSTIC FIBROSIS POPULATION**

[Mewa, S.]{.ul} ^1^; Elarabi, M.^1^; Griffin, K.^2^; Mahendira, L.^1^; Sykes, J.^2^; Norris, E.^1^; Stephenson, A.^2^; Tullis, E.^2^; Rubin, L.^1^ *1. Rheumatology, St. Michael\'s Hospital, Toronto, ON, Canada* *; 2. Adult CF Program, St. Michael\'s Hospital, Toronto, ON, Canada*

**Background:** An increased life expectancy in adult CF patients has led to complications not previously recognized such as arthralgias, arthritis, fractures, and osteoporosis. The prevalence of inflammatory arthritis and musculoskeletal (MSK) manifestations in CF is not well characterized. Furthermore, the usefulness of markers of bone turnover in the evaluation of CF patients is unclear.

**Objectives:** To assess MSK burden, the prevalence of serologic and biochemical markers of bone turnover, and to assess the relationship of chronic infection, body mass index (BMI), pancreatic status, and CF pulmonary disease as measured by FEV~1~ to the MSK system.

**Methods:** A prospective cohort study of adult CF patients followed at the St Michael\'s Hospital (SMH) Adult CF Clinic was conducted. Subjects completed validated MSK‐specific questionnaires (MDHAQ, WOMAC, Osteoporosis and Fracture History), were examined for tender and swollen joints, and had serum rheumatoid factor (RF), antinuclear antibodies (ANA), anticyclic citrullinated peptide (anti‐CCP) antibodies, erythrocyte sedimentation rate (ESR), C‐reactive protein (CRP) and C‐terminal telopeptide (CTX) measured. The data were linked to the Toronto CF database, which captures longitudinal measurements of FEV~1~, BMI, diabetes, microbiology, pancreatic status, bone density, and vitamin D levels. Spearman\'s correlation was calculated to investigate the correlation between two continuous variables and the Mann‐Whitney test or Fisher\'s exact test were used for categorical variables.

**Results:** In total, 190 subjects (47.4% female) were included. The median age was 31.5 years (range: 18.4‐72.9); FEV~1~ was 62% predicted (range: 19‐121% pred); and BMI was 22.9 kg/m^2^ (range: 14.3‐39 kg/m^2^). Mean Rapid3 (MDHAQ) score was 1.33 (0‐6.86) and 47.9% of patients had a WOMAC score of 0. Four subjects had at least 1 swollen joint and 30 had at least 1 tender joint. Eight subjects (4.2%) were RF+, 14 (7.4%) anti‐CCP+ and 23 (12.1%) were ANA+. Two subjects had swollen joints and positive antibodies (RF and/or anti‐CCP). The median CTX was 295 ng/L (Range: 40‐1153 ng/L) with 20 patients (10.5%) having an abnormally elevated CTX suggesting increased bone loss. No statistically significant association between FEV~1~ and antibody status was found. *S. maltophilia* and *Burkholderia cepacia c*omplex (BCC) were associated with a significantly higher anti‐CCP titre (p=0.01 and p=0.04 respectively); patients infected with BCC had a borderline significant RF titre (p=0.09). No significant correlations were found between CTX and BMD, clinical factors or vitamin D level.

**Conclusion:** In adults with CF, a very small proportion of patients have abnormal rheumatologic serology and/or evidence of inflammatory arthritis. The prevalence of confirmed seropositive inflammatory arthritis in our study (1.0%) was similar to the general population (˜1%). The relationship between *S. maltophilia*, BCC and serology warrants further investigation. CTX does not seem to be associated with other important CF clinical measurements.

**TRANSPLANTATION**
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**DESCRIPTION OF A NOVEL DATABASE: MERGING THE US CF PATIENT REGISTRY WITH THE SCIENTIFIC REGISTRY OF TRANSPLANT RECIPIENTS**

[Dasenbrook, E.]{.ul} ^1^; Skeans, M.^3^; Fink, A.^2^; Israni, A.K.^3^; Marshall, B.^2^; Valapour, M.^1,3^ *1. Respiratory Institute, Cleveland Clinic Foundation, Cleveland, OH, USA* *; 2. Cystic Fibrosis Foundation, Bethesda, MD, USA* *; 3. Scientific Registry of Transplant Recipients, Minneapolis, MN, USA*

**Background:** Lung transplant is a widely accepted treatment for cystic fibrosis (CF) end‐stage lung disease. The US lung allocation score (LAS) system prioritizes transplant candidates based on calculated risk of mortality. Despite their relative youth, CF candidates have the second highest rate of waitlist mortality. This suggests that the LAS may not accurately reflect the risk of waitlist mortality for CF candidates, and that the optimal timing of listing for lung transplant has not been established. The Scientific Registry of Transplant Recipients (SRTR) includes variables from the time of wait‐listing through the posttransplant period for all US transplant candidates and recipients. The CF Foundation Patient Registry (CFFPR) includes nearly 90% of the US CF population. The CFFPR includes disease‐specific variables (ie, microbiology) not captured by the SRTR, and longitudinal information in the years before wait‐listing.

**Objectives:** To link the SRTR with the CFFPR to create a novel database and describe the characteristics of CF patients before transplant.

**Study Design:** Any SRTR candidate in the CFFPR, 2004‐2013, was included, encompassing SRTR candidates 1987‐2014. Using a deterministic matching algorithm including name, birthdate, sex, race, death date, state of residence, and zip code, CFFPR candidates were matched to SRTR candidates and recipients. We report results for transplant recipients in the post‐LAS implementation era, 2006‐2014.

**Results:** In the SRTR, 2006‐2014, 1889 recipients were matched to recipients in the CFFPR. These CF transplant recipients were 49% female; ˜89% were aged ≥18 years. CF was diagnosed before age 5 in 85% of the cohort and after age 18 in 5%. F508del homozygous was found in 54.8%, and 5.6% had class IV/V mutations. Fifty‐three percent underwent transplant in 2006‐2010 and 47% in 2011‐2014. Median BMI for recipients aged \>18 years was 19.8. In the year before transplant, median FEV~1~ was 30% predicted, median number of pulmonary exacerbations was 2.0, number of days receiving IV antibiotics was 28, and non‐invasive ventilation was used in 25% of the cohort. CF‐related complications included CF‐related diabetes (38%), impaired glucose tolerance (10%), cirrhosis (3%), osteoporosis (12%), GERD (31%), depression (24%), and sinus disease (28%). The following microorganisms were detected in the respiratory tract: *P. aeruginosa* (65%), of which 82% was mucoid *P. aeruginosa*, MRSA (27%), *S. maltophilia* (14%), *A. xylosoxidans* (10.4%), NTM (3.5%), and any *B. cepacia* complex (4.3%).

**Summary:** The strength of this novel database is its ability to more fully characterize CF patients who undergo transplant. Data in this database may help optimize timing of referral for transplant and identify additional variables that may better predict risk of waitlist and posttransplant morbidity and mortality for the CF population.

Funding: HRSA, US Department of Health and Human Services.
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**CLINICAL CHARACTERISTICS OF CF PATIENTS PRIOR TO LUNG TRANSPLANTATION: A COMPARISON BETWEEN CANADA AND THE UNITED STATES**

[Quon, B.S.]{.ul} ^1^; Sykes, J.^4^; Stanojevic, S.^3^; Goss, C.H.^5^; Marshall, B.^2^; Petren, K.M.^2^; Ostrenga, J.^2^; Fink, A.^2^; Elbert, A.^2^; Sewall, A.^2^; Stephenson, A.^4^ *1. St. Paul\'s Hospital, University of British Columbia, Vancouver, BC, Canada* *; 2. Cystic Fibrosis Foundation, Bethesda, MD, USA* *; 3. The Hospital for Sick Children, University of Toronto, Toronto, ON, Canada* *; 4. St. Michael\'s Hospital, University of Toronto, Toronto, ON, Canada* *; 5. University of Washington, Seattle, WA, USA*

**Introduction:** Lung transplantation is a life‐saving procedure in CF and can extend survival. Post‐lung transplant median survival has been reported to be 10 years in Canada and 8 years in the US. In this study, we compared the clinical and demographic characteristics of patients just prior to lung transplantation between Canada and the US to determine if any pretransplant factors differed between the two countries, which may provide insights into the reported differences in posttransplant survival.

**Methods:** Canadian and US CF Registry data from 1986‐2013 were used for this study. Patients with prior nonlung organ transplants were excluded. GLI reference equations were used to calculate FEV~1~ percent predicted. CDC growth charts were used to calculate BMI percentile for children aged 2‐19, and for adults BMI was calculated using kg/m^2^. Patients were classified as underweight if their BMI percentile was less than 12% (for children aged \<20 years) or if their BMI was less than 18.5 kg/m^2^ for adults. The most recent lung function and BMI prior to transplant was recorded. Sputum microbiology was based on ever vs never growth prior to transplant. Patients were classified as receiving BiPAP, home O~2~ and feeding tubes if they had used these supports in the three years before transplant. Differences between the two countries were assessed using the Mann‐Whitney‐Wilcoxon test and the chi‐square test as appropriate.

**Results:** During the study period, 607 (10.2%) of Canadians and 3,428 (7.5%) of Americans with CF underwent lung transplantation. CF patients undergoing lung transplantation in Canada were slightly older (28.9 years vs 27.7 years; p\<0.0001), with a lower proportion receiving transplant before the age of 18 years (6% vs 14%; p\<0.0001), compared to the US. Median FEV~1~ % predicted was similar between the two countries (p=0.95) but a greater proportion of recipients in the US were prescribed home oxygen (68% vs 55%; p\<0.0001) and BiPAP (10% vs 4%; p\<0.0001) compared to Canada. More patients in the US were underweight (42% vs 30%; p\<0.0001) despite greater use of feeding tubes in the US (42% vs 21%; p\<0.0001) compared to Canada. Infection with *B. cepacia* complex was more common among Canadian recipients (25% vs 1%; p\<0.0001) while MRSA was higher among US recipients (28% vs 6%; p\<0.0001).

**Conclusions:** Prior to lung transplantation, Americans with CF are more likely to be undernourished and have more advanced lung disease based on higher rates of home oxygen and BiPAP use. Future studies are planned to compare post‐lung transplant survival between the two countries and determine the impact of pretransplant factors on posttransplant survival.

Support: CFF.
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**SENSITIVITY AND SPECIFICITY OF THE CFQ‐R FOR PREDICTING POSTTRANSPLANT SURVIVAL IN ADOLESCENTS WITH CYSTIC FIBROSIS**

[Bernstein, R.]{.ul} ^1^; Nicolais, C.J.^1^; Barker, D.^2^; Faro, A.^3^; Quittner, A.L.^1^ *1. Psychology, University of Miami, Coral Gables, FL, USA* *; 2. Brown University, Providence, RI, USA* *; 3. Washington University in St. Louis, St. Louis, MO, USA*

**Rationale**: A significant number of pediatric patients with cystic fibrosis (CF) die on the waitlist for transplant and the survival benefit of the procedure is controversial (Liou TG, et al., N Engl J Med. 2007;357(21):2143‐52). Modification of the selection criteria for transplantation for pediatric patients with CF could improve both pre‐ and post‐transplant mortality. Previous research has demonstrated that the Cystic Fibrosis Questionniare‐Revised (CFQ‐R) is able to predict pre‐ and post‐transplant mortality in adults (Quittner AL, et al. Ped Pulmonol. 2005; Solé A, et al. J Heart Lung Transplant. 2016;35:789‐94) and posttransplant mortality in children (Bernstein R, et al. Pediatr Pulmonol. 2015;50(S41):441). This study aimed to expand on previous research by evaluating the ability of the CFQ‐R to predict waitlist mortality and to determine the ability of the parent‐proxy version of the CFQ‐R, given pretransplant, to predict pre‐ and post‐transplant mortality, evaluated separately. Additionally, the sensitivity and specificity of the CFQ‐R for both those waitlisted and transplanted was assessed.

**Methods**: Pretransplant CFQ‐R scores were collected as part of a larger study evaluating the impact of transplant on quality of life. Transplanted participants (n=28) and waitlist participants (n=35) were recruited from International Pediatric Lung Transplant Collaborative transplant centers and followed for five years. Cox regression was used to determine if CFQ‐R scales (ie, Physical Functioning, Respiratory Symptoms) predicted length of survival after listing and if pretransplant parent‐proxy CFQ‐R scales (ie Vitality, Health Perceptions, Role/School Functioning) predicted length of survival at 4‐years posttransplant. Receiver Operating Characteristic (ROC) curves were used to evaluate sensitivity and specificity of significant CFQ‐R domains for each group.

**Results**: The parent‐proxy CFQ‐R Health Perceptions scale was a significant predictor of death for individuals on the waitlist (B=‐0.94, Wald=4.52, *p*=0.03). Examined separately, the parent‐proxy CFQ‐R Health Perceptions scale (B=‐0.19, Wald=4.26, *p*=0.04) and Role/School Functioning Scale (B=0.25, Wald=6.57, *p*=0.01) were significant predictors of survival 4 years posttransplant. The ROC curve for the parent‐proxy CFQ‐R Health Perceptions scale (AUC=0.71, SE=0.08, *p*=0.03) demonstrated good sensitivity/specificity for individuals on the waitlist. Similarly good sensitivity and specificity were found for the CFQ‐R Respiratory Symptoms scale, posttransplant (AUC=0.86, SE=0.08, *p*=0.004) also demonstrated good sensitivity and specificity for individuals posttransplant.

**Conclusions**: Two CFQ‐R Scales (ie, Respiratory Symptoms, Health Perceptions) were significant predictors of mortality/survival for individuals on the waitlist and posttransplant. Both were able to balance accurate classification with minimal false positives and false negatives. Future directions include determination of a more specific cut‐score for these scales in relation to mortality on the waitlist and posttransplant using a multicenter, prospective design.

**485\***

**TRANSPLANT CENTER CYSTIC FIBROSIS‐SPECIFIC EXPERTISE AND OUTCOME OF LUNG TRANSPLANTATION**

[Hayes, Jr., D.]{.ul} ^1^; Tumin, D.^1^; Kirkby, S.E.^1^; Mansour, H.M.^2^; Tobias, J.D.^1^; Kopp, B.T.^1^ *1. Nationwide Children\'s Hospital and The Ohio State University, Columbus, OH, USA* *; 2. The University of Arizona‐Tucson, Tucson, AZ, USA*

**Introduction:** Lung transplant (LTx) center volume is an accepted measure of expertise and has been reported as a predictor of outcomes after LTx. Lung transplantation for cystic fibrosis (CF) is frequently performed in smaller programs that are experienced with CF patients but lack high overall LTx volume. We sought to determine whether higher center CF and non‐CF LTx volumes were equally associated with improved outcomes of LTx in CF.

**Methods:** United Network for Organ Sharing data were queried for CF patients between 12‐50 years of age receiving LTx from May 2005 until March 2015. Center LTx volume over this period was calculated separately for non‐CF and CF LTx performed in patients of any age. A multivariable Cox proportional hazards model of patient survival was fitted to cases with complete data. This model included CF and non‐CF LTx volumes as continuous variables, and a Wald test was used to compare their association with survival.

**Results:** A total of 2,028 patients met inclusion criteria, of whom 717 (35%) died during follow‐up and 1,928 had complete data on covariates. Sixty‐eight centers were represented in the analysis, performing a mean of 32±30 CF LTx and 208±209 non‐CF LTx (r=0.73). After multivariable adjustment, Cox regression demonstrated that greater CF LTx volume (HR=0.996; 95% CI: 0.992, 0.999; p=0.007) but not greater non‐CF LTx volume (HR=1.000; 95% CI: 1.000, 1.001; p=0.636) was associated with improved survival in LTx recipients with CF. A Wald test confirmed that CF LTx volume was more strongly associated with improved survival than non‐CF LTx volume (p=0.013).

**Conclusions:** CF‐specific expertise of transplant centers was associated with improved outcomes of LTx for CF, whereas general LTx expertise was not associated with CF patients\' survival in multivariable analysis. Referral of CF LTx candidates to transplant programs having specific expertise with this population should be considered.

**486\***

**SUCCESSFUL OUTCOMES IN LUNG TRANSPLANT RECIPIENTS WITH CYSTIC FIBROSIS AT HIGH RISK OF DEATH**

[Gray, A.]{.ul}; Palmer, S.; Finlen Copeland, A. *Medicine, Duke University, Durham, NC, USA*

**Introduction:** Despite advances in care and improvements in median survival, respiratory failure accounts for \>80% of deaths in individuals with cystic fibrosis. Lung transplantation is a viable treatment strategy for carefully selected patients with advanced lung disease due to CF that can potentially extend life; however, questions persist about the benefit of transplant, particularly in patients with very severe disease. We sought to determine if cystic fibrosis patients with urgent transplant indications who are at high risk of death, as defined by a high Lung Allocation Score (LAS), was associated with worse overall posttransplant survival at our center.

**Methods:** We conducted a single‐center retrospective analysis of all CF patients who underwent single organ, first lung transplant at Duke University Medical Center in the post‐LAS era. Excluded CF patients were recipients of a multi‐organ transplant or a retransplant or patients were not included in our research database. Patients transplanted from May 5, 2005 through December 17, 2014 were included, providing a minimum of 14 months of follow‐up.

**Results:** Our cohort consisted of 85 CF patients who were predominately white (98%) and female (65%) with a median age at transplant of 25 (IQR 20‐34; range 15‐60). All CF patients underwent bilateral lung transplant. The median LAS, a marker of disease severity representing the estimated risk of dying while waiting for transplant against the estimated odds of surviving the first year after transplant, was 39.62 (IQR = 36.62 ‐ 47.53). One‐ and five‐year Kaplan‐Meier overall post transplant survival estimates were 89% and 65%, respectively. Median observed follow‐up was 1410 days (IQR 693 -- 2055). Using Cox Proportional Hazards Models, we examined the impact of LAS on overall posttransplant survival. LAS, considered as a continuous variable was not associated with worse survival (p = 0.52; HR 1.01, 95%CI 0.99‐1.03). A high LAS, a marker of severely advanced disease (defined as ≥50, approximating the 75th percentile of LAS scores or 18 patients) also was not associated with worse posttransplant survival (p=0.19; HR=1.63, 95%CI 0.79 ‐ 3.37). One‐ and five‐year Kaplan‐Meier overall posttransplant survival estimates for the high LAS group vs. the low LAS were 83% and 65% vs. 91% and 65%, respectively (p=0.18).

**Conclusions:** Individuals with cystic fibrosis can experience severe and acute flares of their disease which put them at imminent risk of death. The role of lung transplantation in this setting has been debated due to the concern that these patients may be "too sick" to survive the transplant. Our results demonstrate that the very advanced end‐stage CF patients who are highly likely to die without transplant have comparable overall survival rates to more stable end‐stage CF patients. In fact, the 65% five‐year survival rate was identical in both groups and better than the median survival for all lung transplant recipients for non‐CF diseases in the UNOS Registry. This suggests lung transplant is not only appropriate, but a judicious use of resources in carefully selected individuals with advanced lung failure due to cystic fibrosis at a high‐volume, experienced lung transplant center.
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**PREVALENCE OF CORONARY ARTERY DISEASE AND LEFT VENTRICULAR DYSFUNCTION IN CYSTIC FIBROSIS PATIENTS UNDERGOING LUNG TRANSPLANT EVALUATION**

[Skolnik, K.]{.ul} ^1^; Levy, R.^2^; Wilcox, P.^2^; Quon, B.S.^2^ *1. Medicine, University of Calgary, Calgary, AB, Canada* *; 2. Medicine, University of British Columbia, Calgary, AB, Canada*

**Background**: With improvements in cystic fibrosis (CF) survival, CF‐related complications not typically seen in younger patients are becoming increasingly apparent with age. It is unclear whether this also applies to coronary artery disease (CAD) and left ventricular (LV) dysfunction. Individuals with CF have several CAD risk factors including CF‐related diabetes (CFRD), altered lipid metabolism, and a chronic systemic inflammatory state (Cross CE, et al. Chest. 2013;143(4):882‐4). Surrogate CAD markers, such as endothelial dysfunction and increased vascular stiffness, are present in CF (Poore S, et al. Chest. 2013;143(4):939‐45. Hull JH, et al. Eur Respir J. 2009;34:1322--8). There are case reports of CF adults with acute coronary syndromes (ACS) but this field has not been systematically studied (Perrin FM, et al. J R Soc Med. 2010;103 Suppl 1:S44‐8). While right ventricular dysfunction is common with advanced CF lung disease, effects on LV function are unclear.

Furthermore, CFTR is expressed in ventricular myocytes and reduced CFTR activity could potentially predispose to LV dysfunction.

**Objectives**: To determine the prevalence of 1) CAD, and 2) LV systolic dysfunction in CF patients with advanced lung disease.

**Methods**: We reviewed all adults with CF at a large academic CF program (Vancouver, BC) that underwent lung transplant evaluation since 1990. Those with an echocardiogram, coronary angiogram, or noninvasive cardiac stress test were included. Coronary angiograms are performed at our centre in pretransplant subjects above the age of 40 years regardless of risk factors. We recorded demographic data, presence of CAD risk factors, history of ACS, and cardiac test results. The prevalence of CAD, LV systolic dysfunction (defined by an ejection fraction (EF) of 55% or less on echocardiogram and/or coronary angiogram) and associated risk factors were reported. Statistical testing was performed to determine if there were differences in clinical characteristics between those with vs without CAD, as well as those with normal vs low EF.

**Results**: Between 1990 and 2016, 73 adults with CF had lung transplant records available for review. Of these, 62 had echocardiograms and 20 had coronary angiograms. Of those with coronary angiograms, the mean age was 41 years (range 21‐59), 11 (55%) were male, and the mean % predicted FEV~1~was 29.8 (SD 9.7). No atherosclerosis was observed on coronary angiogram for the 20 patients despite significant CAD risk factors (13 \[65%\] had CFRD and 13 \[68%\] had dyslipidemia); LV systolic dysfunction was present in 14/62 (23%). Of these, 13 (93%) had mild LV dysfunction (EF 50‐55%), 1 (7%) had moderate dysfunction, and all had global hypokinesis. There were no significant differences in age, sex, pancreatic status, concurrent pulmonary exacerbation, FEV~1,~hypertension, CFRD, or dyslipidemia between those with normal vs reduced EF.

**Conclusion:** Coronary atherosclerosis was not evident in our cohort of CF adults with advanced lung disease undergoing lung transplant evaluation despite the presence of multiple risk factors. LV systolic dysfunction was observed in one‐quarter of cases and the mechanisms should be elucidated in future studies.
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**CHARACTERIZATION AND WAITING LIST OUTCOMES OF PATIENTS WITH CF LISTED FOR LUNG TRANSPLANTATION**

[O\'Callaghan, L.]{.ul} ^1^; Molony, J.^2^; Peng, Y.^2^; Suthoff, E.^1^; Snyder, J.^2^; Waltz, D.^1^ *1. Vertex Pharmaceuticals Incorporated, Boston, MA, USA* *; 2. Chronic Disease Research Group, Minneapolis, MN, USA*

**Objectives:** To characterize the burden of disease for lung transplant (LTX) waiting list (WL) candidates and recipients with CF and to quantify the outcomes of WL candidates.

**Methods:** This retrospective cohort study used data from the Scientific Registry of Transplant Recipients Standard Analytic File for 2006‐2014. The candidate analysis included patients (pts) in the United States with CF added to the WL from 2006‐2012 with no record of previous LTX; the recipient analysis included the subset of candidates whose listing ended in a LTX before 1/1/2015. Age‐stratified demographic and clinical characteristics of candidates and recipients were summarized. The WL outcomes analysis followed LTX candidates from listing date until the earliest of either removal from WL (any reason) or the date 2 years after listing. WL outcomes (LTX, death, improved health so LTX not needed, too sick for LTX, other) were evaluated at 1, 6, and 24 months postlisting and were stratified by age group, diabetes status, and primary payment source (private or public).

**Results:** We identified 1781 WL candidates with median age 26 years (IQR: 21‐34; age 0‐5, n=5; age 6‐11, n=45; age 12‐17, n=198; age ≥18, n=1533), median percent predicted (pp) FEV~1~ of 23.0 (IQR: 19.0‐28.0), and mean BMI of 19.2 (SD: 2.9). A quarter (25%) had ppFEV~1~ \<20, 46% had diabetes and 7% received some life support. The 1393 LTX recipients (including those who waited \>24 months) had characteristics similar to the WL candidate cohort. Within 1 month of listing, 21% of WL pts received a LTX (Table). The median time to LTX was 3 months (IQR: 1‐7). Most candidates (91%) were removed from the WL within 24 months, including 73% who received a LTX, 10% who did not survive, and 5% who became ineligible due to disease progression; 9% were still waiting after 24 months. Of those receiving a LTX within 24 months, 29% waited ≥6 months. More pts aged ≥18 years vs 12‐17 years at time of listing received a LTX within 24 months (75% vs 65%, respectively), and pts whose primary payment source was private (n=1011) vs public (n=756) were more likely to receive a LTX earlier (24% vs 17% received a LTX within 1 month, respectively).

**Conclusions:** The majority of pts on the WL received a LTX by 24 months; approximately 9% were still waiting and 15% had not survived or were ineligible due to disease progression. Nearly a third waited ≥6 months for a LTX. In addition, the disease burden of pts with CF listed for a first LTX is severe, highlighting the importance of maintaining health and delaying disease progression.

Sponsored by Vertex Pharmaceuticals Incorporated.
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**EXTRAPULMONARY COMORBIDITIES IN TRANSPLANTED AND NONTRANSPLANTED ADULT PATIENTS IN THE FRENCH CYSTIC FIBROSIS REGISTRY**

[Reynaud, Q.]{.ul} ^1,2^; Dehillote, C.^3^; Lemonnier, L.^3^; Nove Josserand, R.^1^; Colomb, V.^3^; Durieu, I.^1,2^ *1. Cystic Fibrosis adult center, Hospices Civils de Lyon, Pierre‐Bénite, France* *; 2. EA 7425 HESPER, Université Claude Bernard Lyon1, Lyon, France* *; 3. Medical department, French CF patient organization Vaincre La Mucoviscidose, Paris, France*

**Introduction:** Extrapulmonary comorbidities, such as diabetes mellitus, increase with age according to various cystic fibrosis (CF) registries. Many of these comorbidities are also strongly associated with transplantation. About ten percent of French CF patients are transplanted. Almost all of them are adults representing twenty percent of adult CF population. We describe here the prevalence of different extrapulmonary comorbidities (diabetes, bone disease, renal insufficiency, deafness, and depression) in adults from the French CF Registry and compare their respective prevalence in nontransplanted (NT) and transplanted (T) patients.

**Methods:** This study is a retrospective analysis of all adult CF patients attended in 2014 in a CF center and included in the French CF Registry. Patients were classified in two groups according to their transplant status, whatever the year of transplantation.

Chi‐square and Fisher exact tests were used to compare the prevalence of comorbidities between transplanted and nontransplanted patients.

**Results:** 3339 adult patients were included in the French CF registry in 2014 representing 52.5% of the whole population in 2014. The main characteristics of the patients are described in the Table.

66% of T patients were diabetics compared with only 21% NT patients (p\<0.0001). The major prevalence of diabetes was observed in the 35‐39 age population in both groups with respectively 75% in T group and 28% in NT group (p\< 0.0001).

Bone disease was reported in 20% of T group and only 7% of NT group (p \<0.0001). Renal insufficiency was very rare in NT patients (0.2%), and reported in 6.5% of T patients (p \<0.0001). Deafness was observed in 11% of T group comparing to 6.2% of NT group (p \<0.0001). Depression was reported in 7.7% of T patients and 5% of NT patients (p\< 0.0048).

**Conclusion:** Adult transplanted patients represented 20% of the French CF adult population in 2014. Most comorbidities and particularly diabetes mellitus are significantly more frequent in T patients whatever the age group. Data analyses from national registries have to take into account the transplanted status not only for pulmonary function but also for other comorbidities.
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**DONATION AFTER CIRCULATORY DEATH AND LUNG TRANSPLANTATION FOR CYSTIC FIBROSIS**

[Kirkby, S.E.]{.ul} ^1^; Hayes, Jr., D.^1^; Whitson, B.^2^; Pope‐Harman, A.^3^; Keller, B.^3^; Shah, S.^3^; Tobias, J.D.^4^; Tumin, D.^1^ *1. Pulmonary Medicine, Nationwide Children\'s Hospital and Ohio State University, Columbus, OH, USA* *; 2. Cardiothoracic Surgery, Ohio State University, Columbus, OH, USA* *; 3. Pulmonary Medicine, Ohio State University, Columbus, OH, USA* *; 4. Anesthesia, Nationwide Childrens Hospital, Columbus, OH, USA*

**Introduction:** Donation after circulatory death (DCD) is an emerging strategy for increasing the availability of donor lungs beyond what is attainable using donation after brain death (DBD). Notwithstanding reported success of lung transplantation (LTx) from DCD donors, implementation of DCD programs remains incomplete in LTx centers. We sought to identify the extent to which DCD LTx has been performed in patients with cystic fibrosis (CF), and compare survival between CF patients receiving lung allografts from DCD and DBD donors.

**Methods:** LTx performed between May 2005 and March 2015 were identified in the United Network for Organ Sharing registry. CF patients receiving LTx at a center that performed 1+ DCD LTx during this period were selected for analysis. A Kaplan‐Meier curve was used to compare patient survival between DCD and DBD LTx in CF. Multivariable Cox proportional hazards model adjusted the estimate of the DCD effect for patient age, patient gender, forced expiratory volume in 1 second at LTx, and transplant year. The baseline hazard was stratified on LTx center to determine within‐center survival differences attributable to use of DCD allografts.

**Results:** There were 26 centers performing 1‐64 (median=9) DCD LTx in 2005‐2015. These centers accounted for 1,215 LTx in CF patients, of whom 35 (3%) received DCD allografts. Among CF patients, mortality was similar between DBD (33%) and DCD (34%) LTx, as illustrated further in the Kaplan‐Meier plot (Figure; log‐rank test p=0.747). Cox regression stratified on LTx center identified no difference in mortality hazard between DCD LTx (HR=1.27; 95% CI: 0.66, 2.44; p=0.478) and DBD LTx in CF performed at the same center.

**Conclusions:** to increase lung allograft availability for LTx candidates with CF.
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**492\***

**COMBINING INTERNATIONAL REGISTRIES: A MATCHING ALGORITHM USING LONGITUDINAL DATA**

[Ostrenga, J.]{.ul} ^1^; Elbert, A.^1^; Petren, K.M.^1^; Fink, A.^1^; Marshall, B.^1^; Goss, C.H.^2^; Cullinan, P.^3^; Nyangoma, S.^3^; Cosgriff, R.^4^; Gunn, E.^4^; Bilton, D.^5,3^; Carr, S.B.^5,3^ *1. Cystic Fibrosis Foundation, Bethesda, MD, USA* *; 2. Univ of Washington, Seattle, WA, USA* *; 3. Imperial College London, London, United Kingdom* *; 4. UK Cystic Fibrosis Trust, London, United Kingdom* *; 5. Royal Brompton Hospital, London, United Kingdom*

**Background**: Using patient registry data to conduct international comparisons of health among people with cystic fibrosis (CF) may highlight differences in health care and health outcomes between different countries. However, differences in data collection methods necessitate developing strategies to make the data comparable. Specifically, the US CFF Patient Registry (US) captures multiple clinical visits per year with current clinic information versus a single annual visit reflecting events since previous annual visits in the UK CF Trust Patient Registry (UK). Since outcomes can vary by seasonality and health trends may depend on time between visits, a strategy is needed to adjust the US data to mimic the data collected in the UK.

**Objective**: To create a combined longitudinal data set for comparisons of the US and UK CF patient registries that minimizes differences in seasonality and time intervals between patient encounter records.

**Methods**: Data from the UK and US registries from 2008 to 2014 were used. The UK data were analyzed to identify the proportion of visits per calendar month as well as the interval between a patient\'s recorded annual visits. The distribution of seasonality was compared to the US registry. A preliminary strategy was employed to select annual visits from the US data using an iterative, random selection algorithm that was inversely proportional to the number of available visits to mimic the distribution of month of visit and time between visits in the UK data. After selection of matching US encounters, the resulting seasonality and time intervals between selected records were compared to those from the UK data. Further analysis will explore additional approaches.

**Results:** There were 34,699 and 11,050 patients followed in the US and UK registries, respectively, between 2008 and 2014. Before matching, there were substantial differences in the US and UK populations. Visits in the US were evenly distributed throughout the year (25.6, 24.6, 24.9, 24.9 percent by quarter) while visits in the UK occurred more frequently later in the year (20.0, 23.0, 27.0, 30.0 percent by quarter). In the UK, the median time between visits was 12 months with an interquartile range of 11 to 13 months. Results of the matching strategies regarding their ability to balance the distributions of seasonality and time between visits will be presented.

**Conclusions:** When creating a longitudinal dataset of merged data from two international patient registries, it is necessary to minimize potential biases due to differences in data collection procedures. For the US and UK CF registries, the challenge is to reduce differences in seasonality and time between visits. Methods developed and lessons learned may be applicable to other efforts to combine data from national registries.

**493\***

**CLOSING THE GAP BETWEEN CANADA AND THE US: LONGITUDINAL IMPROVEMENTS IN NUTRITION AND LUNG FUNCTION**

[Goss, C.H.]{.ul} ^5^; Sykes, J.^1^; Stanojevic, S.^3^; Marshall, B.^4^; Petren, K.M.^4^; Ostrenga, J.^4^; Fink, A.^4^; Elbert, A.^4^; Sewall, A.^4^; Quon, B.S.^2^; Stephenson, A.^1^ *1. St Michael\'s Hospital, Toronto, ON, Canada* *; 2. Univ. of British Columbia, Vancouver, BC, Canada* *; 3. Hospital for Sick Children, Toronto, ON, Canada* *; 4. Cystic Fibrosis Foundation, Bethesda, MD, USA* *; 5. Univ. of Washington, Seattle, WA, USA*

**Background**: Standardized comparison of the median age of survival between Canada and the US found that Canadian patients with CF live an average of 10 years longer than those in the US. Since nutrition and lung function are both important predictors of survival in individual patients, longitudinal trends in nutrition and lung function may help to elucidate the reasons behind the observed differences in survival.

**Objective**: To compare longitudinal changes in lung function and nutritional status between Canada and the US.

**Methods**: Canadian and US CF Registry data from 1990 to 2013 were used. Both registries contain demographic and clinical data for patients followed at CF centers. Forced expiratory volume in 1 second (FEV~1~) was expressed as percent predicted using GLI equations. Body mass index (BMI) percentiles were calculated for children (6‐19 years of age) using the Centers for Disease Control growth charts and BMI (kg/m^2^) was used for those over the age of 19 years. All clinical measurements post‐lung transplant were excluded. Median FEV~1~% predicted, BMI percentile and BMI were calculated for each year in each country. Analyses were stratified by three age groups: 6‐19 years, 20‐40 years, and over 40 years.

**Results**: In total 7,940 Canadian subjects from Canada and 55,054 American subjects contributed to these analyses. Median FEV~1~ and BMI were higher in Canada for all three age groups in 1990, and both outcomes improved at a faster rate in the US compared to Canada in all age groups (p\<0.0001). The gap in lung function was the greatest for those over 40 years of age (48% in Canada vs. 37% in the US; p\<0.0001), and remained higher in Canada compared to the US until the end of the study period. In contrast, for both the 20‐40 year group and the pediatric age group the gap between Canada and the US closed in 2009 and 2003 respectively (Figure). Similar trends were seen with nutrition, except that by 2012, there was no significant difference in BMI in those over 40 years and in children the US surpassed Canada in BMI percentile in the most recent study period.

**Conclusions**: Canadian adults with CF have higher lung function and BMI measurements compared to those in the US; however the rate of improvement on a population level was faster in the US. The observed "catch‐up" in nutrition may reflect the delayed introduction of improved nutritional support for CF patients, which began in the 1970s in Canada and was introduced in the US in the late 1980s.

Funded by the US CF Foundation.
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**Figure:** FEV1 from 1990‐2013 by age group and country
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**ANALYSIS OF REAL‐WORLD OUTCOMES IN PATIENTS WITH CF TREATED WITH IVACAFTOR FROM THE 2014 US AND UK CF REGISTRIES**

[Bessonova, L.]{.ul} ^1^; Higgins, M.^2^; Volkova, N.^1^; Bengtsson, L.^1^; Tian, S.^1^; Sewall, A.^3^; Nyangoma, S.^4^; Elbert, A.^5^; Bilton, D.^4,6^ *1. Vertex Pharmaceuticals Incorporated, Boston, MA, USA* *; 2. Vertex Pharmaceuticals (Europe) Limited, London, United Kingdom* *; 3. Sewall, Inc., Bethesda, MD, USA* *; 4. Imperial College London, London, United Kingdom* *; 5. Cystic Fibrosis Foundation, Bethesda, MD, USA* *; 6. UK Cystic Fibrosis Registry, London, United Kingdom*

**Introduction:** Ivacaftor (IVA), the first CFTR modulator to demonstrate improved CFTR function and a clinical benefit in patients with CF, is intended for chronic, lifelong use. This ongoing, observational, postapproval safety study uses data from UK and US CF registries to evaluate long‐term clinical outcomes in patients treated with IVA in a real‐world setting. The results from the 2014 data analysis are presented here.

**Methods:** Patients treated with IVA in 2014 were matched 1:5 on age, sex, and CFTR genotype severity to comparator patients (COMP) who never received IVA. Key clinical outcomes included death, organ transplantation, hospitalization, and pulmonary exacerbations (PEx). Annual risks of each of the key outcomes were calculated as the proportion of patients in each cohort with the outcomes of interest at any time during the analysis year. Unadjusted relative risks comparing cohorts and corresponding 95% confidence intervals were calculated. Prevalence of complications from CF (ie, CF‐related diabetes, hepatobiliary, pulmonary, gastrointestinal, or bone/joint complications) and of selected pulmonary microorganisms was also estimated.

**Results:** The analysis included 1256 IVA and 6200 COMP patients from the US registry and 411 IVA and 2069 COMP patients from the UK registry. IVA and COMP patients were well matched with regard to age and sex. Average duration of IVA exposure was 2 years in the US and 1.3 years in the UK among treated patients. The annual risks of death, transplantation, hospitalization, and PEx were significantly lower in the US IVA cohort than in the US COMP cohort; trends were similar in the UK (Table). Findings were consistent when analyses were stratified by age and percent predicted FEV~1~. In addition, prevalence of complications from CF and of *P. aeruginosa* and select other microorganisms tended to be lower in IVA cohorts than COMP cohorts in both registries.

**Conclusions:** This annual analysis of US and UK CF registries data from 2014 found no new safety concerns and revealed favorable findings with respect to clinically important outcomes in patients treated with IVA in a real‐world setting. These results indicate the potential of IVA for CF disease modification in a real‐world setting.

Sponsored by Vertex Pharmaceuticals Incorporated.
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\*Fisher\'s exact test *P* values are shown when the expected value was \>5 in at least 1 cell of the contingency table.

CI, confidence interval; COMP, comparator patients; IVA, ivacaftor; PEx, pulmonary exacerbation; RR, relative risk.
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**ANALYSIS OF DISEASE PROGRESSION IN PATIENTS WITH CF TREATED WITH IVACAFTOR IN THE REAL WORLD USING DATA FROM THE UK CF REGISTRY**

Volkova, N.^1^; [Bessonova, L.]{.ul} ^1^; Higgins, M.^2^; Bengtsson, L.^1^; Tian, S.^1^; Nyangoma, S.^3^; Bilton, D.^3,4^ *1. Vertex Pharmaceuticals Incorporated, Boston, MA, USA* *; 2. Vertex Pharmaceuticals (Europe) Limited, London, United Kingdom* *; 3. Imperial College London, London, United Kingdom* *; 4. UK CF Registry, London, United Kingdom*

**Introduction:** Ivacaftor (IVA), the first CFTR modulator to demonstrate a clinical benefit in patients with CF, is intended for chronic, lifelong use. Here we present the results of the 2014 disease progression analyses using UK CF Registry data from an ongoing, long‐term, postapproval observational safety study evaluating outcomes in patients treated with IVA in a real‐world setting.

**Methods:** Patients with a record of IVA use during the first year of commercial availability in the UK (2013) who continued treatment through 2014 and received no organ transplantation were matched (1:5) on baseline characteristics (age, sex, and genotype severity) with comparator (COMP) patients who had no record of IVA use. Baseline characteristics were ascertained using the patients\' data from 2012, prior to IVA commercial availability in the UK. Outcomes of interest included percent predicted (pp) FEV~1~, pulmonary exacerbations (PEx), hospitalizations for PEx, BMI, CF--related diabetes (CFRD), and distal intestinal obstruction syndrome (DIOS).

**Results:** IVA (n=277) and COMP (n=1365) patients were similar with respect to age, sex, lung function, and medication use at baseline. In 2014, mean ppFEV~1~ change from baseline was +6.6 percentage points in IVA vs --1.5 percentage points in COMP patients, while mean BMI increased by +1.5 kg/m^2^ for IVA vs +0.3 kg/m^2^ for COMP patients. Mean ppFEV~1~, annual risk of PEx, hospitalizations for PEx, and prevalence of CFRD and DIOS are presented in the Table.

**Conclusions:** UK patients with CF receiving IVA during the first 2 years of commercial availability had improved lung function and nutritional status and a decreased risk of PEx and hospitalizations for PEx relative to baseline and to COMP patients. IVA patients also had lower CFRD and DIOS prevalence than COMP patients. We observed a clinical benefit with IVA on disease progression among patients with CF in the real world.

Sponsored by Vertex Pharmaceuticals Incorporated.
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**496\***

**UPTAKE OF LUMACAFTOR‐IVACAFTOR USE AMONG ELIGIBLE CF PATIENTS IN THE US IN 2015**

[Sawicki, G.S.]{.ul} ^2^; Fink, A.^1^; Hamblett, N.M.^3^ *1. Cystic Fibrosis Foundation, Bethesda, MD, USA* *; 2. Boston Children\'s Hospital, Boston, MA, USA* *; 3. Univ of Washington, Seattle, WA, USA*

**Background:** CFTR modulators are novel therapies directed at improving the function of CFTR. The first CFTR modulator approved for clinical use, ivacaftor (IVA), had rapid uptake among eligible patients with G551D CFTR mutations, with 64% of eligible US patients receiving therapy within 4 months after US FDA approval in 2012. Lumacaftor‐ivacaftor (LUM‐IVA) was approved by the FDA in July 2015 for treatment of CF patients age ≥ 12 years with homozygous delF508 CFTR mutations.

**Objective:** To examine the uptake of documented LUM‐IVA therapy among patients with CF in the US in 2015 and evaluate demographic and clinical differences in eligible patients with and without documented LUM‐IVA therapy in 2015.

**Methods:** Using data from the CF Foundation Patient Registry (CFFPR), we identified patients with homozygous delF508 genotype and at least one clinical encounter in 2015. Uptake of LUM‐IVA use was defined as having at least 1 clinical encounter in which LUM‐IVA was documented as a chronic therapy. Comparisons of eligible patients (ages ≥ 12) with and without documented LUM‐IVA use were made using t‐tests for continuous variables and chi squared tests for categorical variables. Variables of interest included age, state of residence, insurance status, and clinical characteristics (FEV1 % predicted and exacerbation rate).

**Results:** 12,911 CF patients with homozygous delF508 mutations (69% ≥ age 12) were followed in the CFFPR in 2015. By the end of 2015, LUM‐IVA use was documented in 3724/8895 (42%) of eligible patients (age ≥ 12 years and delF508 homozygous genotype). LUM‐IVA use was documented in 33 patients younger than age 12, and 102 patients with other CFTR mutations (1% of the respective populations). Two hundred thirty‐five (6%) patients had documented LUM‐IVA use prior to July 2015, and 59% of patients with documented LUM‐IVA therapy had their first documented use in July‐September 2015. Eligible patients with no documented LUM‐IVA use were more likely to be age ≥30 (32% vs 27%, p\<.0001) and had fewer clinical encounters in 2015 (mean 4.0 vs 5.3, p=\<0.001). Those with documented LUM‐IVA therapy were more likely to have private health insurance (55% vs 47%, p\<0.0001). Those without documented use of LUM‐IVA had higher mean FEV1 (71.6% vs 69.5%, p=0.0002) and fewer courses of IV antibiotics in 2015 (mean 0.9 vs 1.1, p=\<0.0001). There was wide variation in uptake of LUM‐IVA by patient state of residence, with a range of 0% to 90% across states; in only 14 states did ≥ 50% of eligible patients have documented use of LUM‐IVA by the end of 2015.

**Conclusion:** Only a minority of delF508 homozygous CF patients in the US had documented use of LUM‐IVA within 6 months of FDA approval. Uptake of LUM‐IVA therapy is much lower than the rate of uptake of IVA among G551D CF patients following approval in 2012. This suggests that clinicians may be slower to recommend LUM‐IVA therapy compared to historical precedent with IVA monotherapy in a different group of patients. Differences in LUM‐IVA uptake appear to be based on lung function, age, insurance status, and geographic variation.

**497\***

**FINDING FEV1 PHENOTYPES OF RAPID DECLINE DURING ADOLESENCE AND YOUNG ADULTHOOD**

[Szczesniak, R.D.]{.ul} ^1^; Li, D.^2^; Clancy, J.P.^3^ *1. Biostatistics and Epidemiology, Cincinnati Children\'s Hospital, Cincinnati, OH, USA* *; 2. Department of Mathematical Sciences, University of Cincinnati, Cincinnati, OH, USA* *; 3. Pulmonary Medicine, Cincinnati Children\'s Hospital Medical Center, Cincinnati, OH, USA*

**Objective:** To identify phenotypes of rapid decline using longitudinal lung function measurements and to determine the extent to which these phenotypes are related to other clinical characteristics.

**Study Design and Participants:** A longitudinal cohort study of patients 6‐21 years of age with data available from the US CF Foundation Patient Registry for 1997‐2011. Post‐lung transplantation data and patients with less than two years of observation time were excluded from all analyses. Our primary outcome was mean quarterly FEV1% predicted. Other characteristics of interest included birth cohort, sex and first recorded FEV1% predicted, CF‐related diabetes (CRFD), positive cultures for *methicillin‐resistant Staphylococcus aerueus (MRSA), Pseudomonas aeruginosa (Pa), Burkholderia cepacia (BC),* and socioeconomic status (SES).

**Methods:** Patients were classified into distinct phenotypes by evaluating trajectories of rapid lung function decline using scores from sparse functional principal components analysis, a statistical approach for clustering longitudinal profiles of patients while accounting for missing or sparse data. Phenotypes identified using this approach were compared with respect to baseline and mortality characteristics.

**Results:** There are three distinct phenotypes of rapid lung function decline, corresponding to high, moderate and low degrees of FEV1% predicted loss in the overall cohort (n=18,387). The majority of variation (first functional principal component: 94%) among the patient profiles can be characterized by differences in mean FEV1% predicted over time. Average degree of rapid decline is similar among the three phenotypes (roughly ‐3% predicted/year); however, average timing differs, with the mild, moderate and severe phenotypes experiencing rapid decline at 18.9, 16.1 and 12.9 years of age, respectively. Individuals with a mild phenotype of rapid decline have the highest initial FEV1% predicted but experience the greatest loss of lung function. Individuals with the severe phenotype of rapid decline are more likely to have infections (*MRSA, Pa,* and *BC)* at baseline or to develop them subsequently, compared to those with mild or moderate phenotypes of rapid decline (all P ≤ 0.001).

**Conclusion:** There are distinct phenotypes of rapid CF lung disease progression. By identifying risk factors for these phenotypes, interventions may be more precisely targeted for subgroups at highest risk of lung function loss. Supported by: K25 HL125954.

**498**

**JOINTLY MODELING LONGITUDINAL FEV1 AND RISK OF PULMONARY EXACERBATION IN CF: A FLEXIBLE SEMIPARAMETRIC APPROACH**

Li, D.^2^; Clancy, J.P.^3^; [Szczesniak, R.D.]{.ul} ^1^ *1. Biostatistics and Epidemiology, Cincinnati Children\'s Hospital, Cincinnati, OH, USA* *; 2. Department of Mathematical Sciences, University of Cincinnati, Cincinnati, OH, USA* *; 3. Pulmonary Medicine, Cincinnati Children\'s Hospital Medical Center, Cincinnati, OH, USA*

**Objective:** To understand the link between the FEV~1~% (forced expiratory volume in 1 second as a percentage of predicted) decline and the risk for an onset of pulmonary exacerbation (PEx) in cystic fibrosis (CF), while allowing accurate inference regarding longitudinal FEV~1~% responses and improving prediction of PEx prognosis.

**Methods:** We developed a flexible semiparametric joint model, which consists of a semiparametric mixed effects submodel for repeated FEV~1~% measurements, and a survival submodel for possibly censored PEx (time to event) data. Association between the two submodels arises through subject‐specific random effects. The proposed joint model was contrasted with the traditional, separate model that analyzes the longitudinal and survival data separately. Each model was applied to clinical encounter data from the United States CF Foundation Patient Registry. Individuals 6‐45 years of age with FEV~1~% clinical encounters were included. Data were included up to the time of the first PEx. Potential predictors included age, birth cohort, gender, first recorded FEV~1~%, socioeconomic status at baseline (SES); time‐varying predictors were CF‐related diabetes (CRFD), positive cultures for methicillin‐resistant *Staphylococcus aerueus* (MRSA), *Burkholderia cepacia* (BC) and *Pseudomonas aeruginosa* (Pa). Computations were implemented via Markov chain Monte Carlo (MCMC) methods. Results are reported as posterior means and 95% highest posterior density (HPD) intervals. Model comparison and selection were based on the DIC criteria.

**Results:** The overall cohort (n=7672) had 3349 individuals who had a PEx. The median time to the first PEx was 4.6 years. In the longitudinal submodel, initial FEV~1~%, and being in a more recent birth cohort (\>1994) were associated with less FEV1% decline; having lower SES, CFRD, MRSA, BC and Pa were associated with more FEV1% decline. Within the event submodel, being male and having lower initial FEV~1~% was associated with a lower risk of PEx, while people having lower SES was associated with a higher risk of PEx. The posterior estimates of the random intercept and slope coefficients, which measure the strength of association between the two submodels, are negative and significantly different from zero, providing strong evidence of association between the two submodels and indicating that both the initial level and slope of FEV~1~% was negatively associated with the hazard of an onset of PEx. Less biased and more efficient statistical inferences were obtained via the proposed joint model.

**Conclusion:** PEx is associated with lung function decline in CF. Subjects were more likely to be diagnosed with PEx if they have experienced loss of FEV~1~% over a preceding period.

**499\***

**ASSESSMENT AND TREATMENT OF PULMONARY EXACERBATIONS IN THE CF FOUNDATION PATIENT REGISTRY**

[Sanders, D.B.]{.ul} ^1^; Ostrenga, J.^2^; Rosenfeld, M.^3^; Fink, A.^2^; Schechter, M.S.^4^; Sawicki, G.S.^5^; Flume, P.A.^6^; Morgan, W.J.^7^ *1. Pediatrics, Indiana Univ, Indianapolis, IN, USA* *; 2. CF Foundation, Bethesda, MD, USA* *; 3. Pediatrics, Univ of Washington, Seattle, WA, USA* *; 4. Pediatrics, Virginia Commonwealth Univ, Richmond, VA, USA* *; 5. Pediatrics, Boston Children\'s Hospital, Boston, MA, USA* *; 6. Medicine and Pediatrics, Medical Univ of South Carolina, Charleston, SC, USA* *; 7. Pediatrics, Univ of Arizona, Tucson, AZ, USA*

**Background:** Outcomes of pulmonary exacerbations (PExs) vary based on several factors, including treatment choices. Beginning in 2012, the CF Foundation Patient Registry (CFFPR) has included data on the presence or absence of PExs and the treatments prescribed at all clinical encounters. Our objective was to describe the treatments for PExs documented during clinic visits and the time to IV antibiotics following the initial PEx treatment.

**Methods:** The eligible study population was made of individuals in the CFFPR with ≥1 PEx during a clinic visit in 2013 or 2014 at one of the 129 CF centers that completed PEx assessments at ≥90% of clinic visits. For this analysis, we selected the first or index PEx documented at a clinic visit that followed ≥1 clinic visit(s) without a documented PEx during this period. We excluded individuals if they received IV antibiotics between the baseline and index clinic visits. We describe the initial treatments prescribed at the index visit. To account for IV antibiotics that may have been scheduled at the index visit, we included any IV antibiotics started ≤14 days after the index visit as an initial treatment. We compared the proportion of individuals that received IV antibiotics between 14 and 30 days later according to the initial treatment choice.

**Results:** The cohort included 12,789 people (mean age 17.8 years, 50% female, and 36% with ≥1 culture positive for *P. aeruginosa* in the prior year). The median time between the baseline and index visit was 84 days. There was a significant difference in mean FEV~1~ % predicted between the baseline and index visits (77.0 and 70.4, respectively, p \< 0.001). Overall, 68% of individuals were initially treated with antibiotics: oral antibiotics alone in 55%, IV antibiotics in 4%, both oral and inhaled antibiotics in 6%, and inhaled antibiotics alone in 3%. The percentage of treatments that included oral antibiotics was higher among individuals \<18 years old, those who had higher baseline FEV~1~, and/or were not infected with *P. aeruginosa*.

Of the 32% of individuals who did not initially receive antibiotics, 19% had ≥10% decrease in FEV~1~ % predicted between the baseline and index visits. Between 14 and 30 days after the index visit, 6% of individuals treated with oral antibiotics, 14% treated with inhaled antibiotics, 12% treated with both oral and inhaled antibiotics, and 41% without documented antibiotics were subsequently treated with IV antibiotics.

**Conclusions:** Oral antibiotics were prescribed as a first treatment for the majority of individuals with a PEx documented in clinic. However, one‐third of individuals did not have documented antibiotic treatments within 14 days of the index visit. While data on receipt of oral antibiotics may be incomplete in the CFFPR, these findings are concerning given the negative outcomes associated with PExs.

Funded by CFFT.
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**FACTORS INFLUENCING UPTAKE OF PARENTAL CARRIER TESTING FOLLOWING CF NEWBORN SCREENING**

[McMahon, V.R.]{.ul}; Nelson, T.; Burgess, C.A.; Schellenberg, A.; Chilvers, M. *BC Children\'s Hospital, Vancouver, BC, Canada*

**Background:** Due to the large geographic spread In British Columbia (BC), an IRT/DNA/IRT algorithm is used to decrease the number of newborns required to travel for sweat testing. Newborns identified as carriers of one CF mutation, with a normal repeat IRT (\<40ng/mL), are considered at low risk of having CF (\<1%). Parents of these newborns receive telephone counseling on the clinical and reproductive risks by the CFNBS Nurse (CFNBSN). In addition, these families have the option to attend for a sweat test to exclude the possibility of CF if residual anxiety remains. Reports suggest 30‐75% of families of healthy CF carriers undertake parental carrier testing. Given the unique nature of the BC CFNBS program the aim was to evaluate the uptake of genetic testing in this low risk group.

**Aims:** 1)To review uptake of parental carrier testing in families with newborns who are identified as unaffected CF carriers through CFNBS. 2)To examine potential factors associated with parental decision‐making around genetic follow‐up.

**Methods:** A retrospective chart review was conducted for all newborns identified as low risk CF carriers through CFNBS between 2009 and 2014. Excluded were infants who were lost to follow‐up or deceased. Demographics collected were: number of contacts with the CFNBSN, birth order, and attendance for the optional sweat test. Parents who underwent carrier testing were identified through the provincial genetics laboratory. Data were analysed using logistic regression and chi‐square testing.

**Results**: Of the 443 carrier infants identified, 157(35%) families pursued parental carrier testing, with 94(21%) families testing both parents. 76(17%) infants were seen for optional sweat testing. Those attending for optional sweat testing were more likely to undergo genetic testing (P=0.005). 41(54%) families tested both parents, while 14(18%) had one parent tested.

Parents who had telephone contact with the CFNBSN were more likely to have carrier testing (p=0.002). As shown in the Table, the uptake of testing increased with the number of contacts with the NBSN.

Birth order was known for 206 families. Parents whose CF carrier infant was a first child were more likely to pursue carrier testing (P=0.005). 58% of families of first‐borns (n=118) obtained carrier testing as compared with 32% of families with 2 or more children (n=88).

Our centre is aware of two CF diagnoses made in families subsequent to a child identified through CFNBS as an unaffected carrier: one family tested only one parent, and the other did not pursue carrier testing.

**Conclusion:** Uptake of parental carrier testing was low at our centre. In‐person counseling, increased contacts with the CFNBSN, and lower birth order affected the rate of parental carrier testing. The two CF diagnoses following carrier identification in an older sibling highlights the need for appropriate counseling and follow‐up. A prospective study will be done to study factors affecting parental decision‐making around genetic follow‐up.
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**ONE‐YEAR PREVALENCE, COMORBIDITIES AND COST OF CYSTIC FIBROSIS INPATIENT ADMISSIONS IN THE USA**

[Saunders, W.]{.ul}; Ruban, C. *Public Health Sciences, UNC Charlotte, Charlotte, NC, USA*

**Background**: Cystic fibrosis (CF) is a condition characterized as an inherited disease of the mucus and sweat glands. It affects various areas of the body including lungs, pancreas, liver, intestines, sinuses, and sex organs. Currently, there is minimal research into CF, and our objective is to characterize CF patients, their healthcare utilization, and associated hospitalization costs. Given the increasing prevalence of rare diseases, it is important to understand better CF so that the condition can be better diagnosed and controlled.

**Methods**: We utilized one year (2012) of the Nationwide Inpatient Sample (NIS). The NIS represents all inpatient stays at a random 20% sample of all hospitals in the United States. We grouped CF individuals by primary or secondary discharge diagnosis and then compared those with CF to all others regarding length of stay (LOS) and total cost. Finally, we looked into factors predicting increased LOS.

**Results**: We estimated US prevalence for CF‐related inpatient admissions at 11,975 cases. CF patients were younger, with an average age of 20.90 versus 48.59 years in their non‐CF peers. Hospitalizations associated with CF had an increased LOS compared to non‐CF patients (10 versus 4 days), with average costs per stay \$51,017 greater. Differences were seen in loss of function (LOF) with CF patients, mostly in the major LOF category (45.89%), whereas non‐CF patients were spread between minor, moderate, and major LOF (35.68%, 37.55%, and 21.17%, respectively). Significant positive predictors of increased LOS among CF patients included having either minor (IRR=2.23) or moderate (Odds Ratio (OR)=1.98) LOF, self‐pay as the primary payer (OR=1.59) and depression as a comorbidity (OR=1.64).

**Conclusion**: We have characterized CF and seen it associated with increased length of stay, increased cost, and more severe loss of function in patients compared to those without CF.

**Table: Population Comparisons**
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**OUTCOMES OF CHILDREN WITH A NORMAL SWEAT TEST AFTER POSITIVE CYSTIC FIBROSIS NEWBORN SCREENING IN FOUR TERTIARY LONDON REFERRAL CENTRES ‐ AN UPDATE**

[Edmondson, C.]{.ul} ^1^; Grime, C.^1^; Prasad, S.^2^; Wallis, C.^2^; Cowlard, J.^3^; Nwokoro, C.^3^; Ruiz, G.^4^; Balfour‐Lynn, I.^1^ *1. Royal Brompton Hospital, London, United Kingdom* *; 2. Great Ormond Street Hospital for Children, London, United Kingdom* *; 3. Barts and The London NHS Trust, London, United Kingdom* *; 4. King\'s College London, London, United Kingdom*

**Introduction:** Since July 2007 cystic fibrosis (CF) newborn screening has been carried out in the South East of England. The English protocol is based on IRT‐DNA‐IRT, and those suspected of having CF are then referred to a CF centre for sweat testing. As new genetic mutations continue to be discovered we looked at outcomes of children with a normal sweat chloride (\<30mmol/L) to ensure a diagnosis of CF had not been missed. We had previously presented results from 2 tertiary referral centres in the South East of England (Grime C, et al. Pediatr Pulmonol. 2014;49(S38):385‐6). We now present an extension of this project to include the four main tertiary centres in the South East of England.

**Methods:** A retrospective review of referral documentation and computer records from 4 large paediatric specialist CF centres in London, followed by telephone contact and faxed questionnaires to the children\'s registered general practitioner (GP).

**Results:** Between July 2007 and August 2013, 95 children who were screen positive for CF had a normal sweat chloride. Of these 4 (4.2%) were diagnosed with CF due to 2 disease‐causing mutations on initial or extended genetic screening. 12 (12.6%) fulfilled the criteria for Group A Cystic Fibrosis Screen Positive Inconclusive Diagnosis (CFSPID), ie, 2 *CFTR* mutations, at least one of which, with unclear phenotypic consequences (CRMS in USA), and all remain under follow‐up at their tertiary centre. Of these 12, one patient with p.Phe508del/p.Arg117His (7T) genotype was subsequently diagnosed with CF when his sweat chloride increased to 58mmol/L within the first year of his life and he developed respiratory symptoms.

One disease‐causing mutation was identified on initial screening in 10 of the remaining 79 children who were considered to be carriers. Of these remaining 79 children: 18 could not be traced, we are awaiting confirmed GP details on 13, GPs declined to complete the questionnaire for 3 and we could only infer that 9, who were registered with GPs (but had not returned questionnaires), had no respiratory symptoms through being unknown to their local tertiary respiratory service.

Questionnaire outcomes were available on 36/79 (45.5%) children, all of which confirmed that they did not have any features of CF. However, 14/36 (41.6%) had significant health problems: 1 child died of a gastric bleed, 1 died of an unknown cause, 4 had cardiac diagnoses, 3 had global developmental delay or speech delay, 2 were diagnosed with McCune Albright, 2 had suspected chromosomal abnormalities but no confirmed diagnosis and 1 has a diagnosis of asthma.

**Conclusion:** In total, 16.8% (16/95) of children referred who had a normal sweat chloride went on to be given the diagnosis of CF or CFSPID based on genetic results. To our knowledge none of the remaining children have so far been re‐referred with concerns regarding a possible diagnosis of CF in this extended study. However, a substantial proportion of these children without CF, who had positive CF newborn screens, were found to have significant health problems subsequently.

**503** **▴**

**OPTIMIZATION OF A NATIONAL CF NEWBORN SCREENING PROGRAM BY A CENTRALIZED TRACKING PROCESS**

[Munck, A.]{.ul} ^1,5^; Delmas, D.^1^; Audrezet, M.^1,2^; Lemonnier, L.^3^; Cheillan, D.^1,4^; Roussey, M.^1^ *1. AFDPHE, Paris, France* *; 2. Laboratoire de Biologie Moléculaire, INSERM U1078, Brest, France* *; 3. Vaincre la Mucoviscidose, Paris, France* *; 4. Service des Maladies Héréditaires du Métabolisme et Dépistage Néonatal, Hospices Civils de Lyon, Lyon, France* *; 5. CF Center, Hopital Robert Debre, APHP, University Paris7, Paris, France*

The French newborn screening (NBS) program combines immunoreactive trypsinogen (IRT)‐D3 /CF30 kit mutations if written informed consent (WIC) has been obtained/IRT‐D21 safety net in case of no WIC, or no detected mutation plus ultrahigh IRT‐D3. Infants with 1/2 mutations or no mutation and raised IRT‐D21 were referred to the nearest CF center (CFC) for sweat testing (ST).

**Objective**: To evaluate the tracking process set up by the national NBS structure in charge of all NBS programs (AFDPHE).

**Methods**: For each infant screened positive who needed to be referred to a CFC, a pre‐filled document was completed by the CF physician including outcome data, compliance with the algorithm, ST values, genotype, infant status (IS) (CF, CF screened positive inconclusive diagnosis (CFSPID), meconium ileus (MI), antenatal diagnosis (AND), non‐CF, in process, lost to follow‐up including deaths), symptoms, history of CF, time to initial visit at the CF center. The filled‐out form was sent to the regional association and forwarded quarterly, after partial de‐identification, to AFDPHE. A referent CF physician, with a data manager, was in charge of monitoring and collecting CF/CFSPID cases missed by NBS by a yearly questionnaire. All the practical aspects of the NBS program were discussed during a monthly board meeting and quarterly with the technical committee thus leading to changes in the algorithm (Munck A, et al. J Pediatr. 2008;153:228‐33). The national database AFDPHE was linked to the French CF Registry.

**Results**: Screening included 10,046,581 babies with two periods 2002‐2004 and 2005‐2014; the % of screened positive (SP) decreased from 0.72 to 0.49 with an improved PPV from 0.16 to 0.31 and stable sensitivity to CF at 95% and a similar ratio CF/CFSPID of 6:1. Among those SP, the tracking process identified a decreased rate of missing WIC from 2.3 to 2% and of infants lost to follow‐up from 6.1 to 2.4%. Reported ST values in non‐MI cases reached 95.5%. For those diagnosed as CF/CFSPID (n=2045), both mutations were found in 99.6% alleles after exhaustive genetic testing, if required. A conclusion concerning IS was pending in only 0.5% (39/7872). In CF/CFSPID, the initial visit to the CFC (excluding MI and AND) was ≤ 35 days, respectively, in 53%/26% (p\<0.0001) and ≤ 56 days in 88%/70% (p\<0.0001); infants were symptomatic in 63%/9% (p\<0.0001). Time to initial visit for those diagnosed CF (w/o MI or AND) was 35 \[28‐45\] days, but it increased to 42 \[32‐49\] days in 2013; the technical committee analyzed for each case seen over 35 days (53.5%) the four main steps of the screening protocol and identified measures for improvement. The year after the median delay to initial visit returned to the baseline.

**Conclusion**: French program performances are in agreement with European standards; its strengths lie in the high rate of definite IS, ST values and mutations identification, the efficacy for collecting CF cases missed by NBS, but we acknowledge a weakness in the delay to initial visit.

**504**

**METABOLOMICS FOR DISCOVERY OF CYSTIC FIBROSIS‐SPECIFIC MARKERS IN AFFECTED NEWBORNS: EARLY DETECTION WITHOUT WIDESPREAD GENETIC TESTING**

[Britz‐McKibbin, P.]{.ul} ^1^; DiBattista, A.^1^; Chakraborty, P.^2^; Aldribashi, O.^2^; McIntosh, N.^2^ *1. Dept. Chemistry and Chemical Biology, McMaster University, Hamilton, ON, Canada* *; 2. Dept. Pediatrics, Children\'s Hospital for Eastern Ontario, Ottawa, ON, Canada*

**Objectives:** A two‐tiered strategy is widely used for population‐based CF screening using an algorithm based on elevated IRT followed by a DNA mutation panel. Limitations of this strategy include a high rate of false positives and the identification of carriers with CFTR allele variants who do not express the disease. Herein, untargeted metabolite profiling of retrospective dried blood spot (DBS) cut‐outs was performed in order to discover novel metabolic signatures in affected CF infants as a way to improve the positive predictive value of newborn screening (NBS) that is also amenable to low cost MS/MS analysis.

**Methods:** Retrospective analysis of DBS extracts from 54 normal birth weight newborn infants from Newborn Screening Ontario (24 confirmed CF cases; 30 screen‐negative controls) were selected as a training set for biomarker discovery. Multisegment injection‐capillary electrophoresis‐mass spectrometry (MSI‐CE‐MS) was used for untargeted yet high‐throughput screening of polar/ionic metabolites with quality assurance. Randomized analysis of aqueous methanol DBS extracts using MSI‐CE‐MS in conjunction with univariate and multivariate statistical methods allowed for ranking of molecular features differentially expressed in affected CF infants. Unknown yet biologically relevant metabolites were identified by spiking with authentic standards and/or their chemical structures were elucidated by high resolution MS/MS.

**Results:** Over 75 cationic metabolites were consistently detected in DBS extracts with acceptable reproducibility using MSI‐CE‐MS under positive ion mode detection. There was good discrimination in affected CF infants relative to healthy controls with a subset of eight statistically significant metabolites measured in DBS extracts after Bonferroni correction (p \< 7.0 E‐4), including three novel metabolite adducts elevated in the blood of CF infants. A validation cohort is currently underway to evaluate the screening performance of lead metabolites for early detection of CF with improved specificity.

**Conclusions:** Untargeted metabolite profiling of DBS extracts revealed significant differences in the metabolic phenotype of CF infants that will improve the overall positive predictive value and cost effectiveness of NBS screening programs while providing new insights into the underlying disease pathophysiology of CF.
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**THE ROLE OF LABORATORY TESTS IN CHILDREN WITH AN UNCERTAIN DIAGNOSIS OF CF FOLLOWING POSITIVE NEWBORN SCREENING**

[Ooi, C.Y.]{.ul} ^1^; Sutherland, R.E.^1^; Keenan, K.^12^; Castellani, C.^2^; van Wylick, R.^3^; Price, A.^4^; Boland, M.^5^; Reisman, J.^5^; Zuberbuhler, P.^6^; Bjornson, C.^11^; Chilvers, M.^7^; Brusky, J.^8^; Mateos‐Corral, D.^9^; Hughes, D.^9^; Morgan, L.^10^; Durie, P.R.^13^; Ratjen, F.^13^; Gonska, T.^13^ *1. Univ of New South Wales, Sydney, NSW, Australia* *; 2. Azienda Ospedaliera Univ Integ, Verona, Italy* *; 3. Queen\'s Univ, Kingston, ON, Canada* *; 4. Children\'s Hosp, London, ON, Canada* *; 5. CHEO, Ottawa, ON, Canada* *; 6. Stollery Children\'s Hosp, Edmonton, AB, Canada* *; 7. BC Children\'s Hosp, Vancouver, BC, Canada* *; 8. Royal Univ Hosp, Saskatoon, SK, Canada* *; 9. IWK Health Centre, Halifax, NS, Canada* *; 10. Windsor Reg Hosp, Windsor, ON, Canada* *; 11. Alberta Children\'s Hosp, Calgary, AB, Canada* *; 12. Hosp for Sick Children, Toronto, ON, Canada* *; 13. Univ of Toronto, Toronto, ON, Canada*

**Introduction:** Infants with CF screen positive inconclusive diagnosis (CFSPID) or CFTR‐related metabolic syndrome (CRMS) may turn out to have CF. Little is known about these individuals, including predictors of a later CF diagnosis. The role of laboratory testing, typically performed in patients with established CF, among children with CFSPID remains to be established. Based on a multicenter study (8 CF centres from Canada and Verona, Italy) that was established to prospectively evaluate children with CFSPID (Ooi CY, et al. Pediatrics. 2015;135:e1377‐85), this study aimed to compare laboratory‐test outcomes in subjects with CFSPID and CF.

**Methods:** 99 CFSPID and 119 CF subjects were enrolled (June 2007‐April 2016). 11 (11%) CFSPID subjects fulfilled the diagnostic criteria for CF (CFSPID→CF) while the diagnosis remained uncertain (CFSPID→CFSPID) in 88 (89%). Serial serum electrolytes, liver biochemistry, fat‐soluble vitamins, hematology and inflammatory markers measured during this study period were compared between CF and CFSPID, and between CFSPID→CF and CFSPID→CFSPID using general linear mixed models, which factored in repeated measurements over time into the model.

**Results:** 839 blood analyses were performed in all subjects (median \[IQR\] age at time of measurements: 1.4 \[0.5‐3.0\] years). All comparisons are summarized in the Table. Varying proportions of subjects with CFSPID were found to have abnormal measurements. However, there were no significant differences in laboratory outcomes between CFSPID→CF and CFSPID→CFSPID. CF subjects had significantly more abnormal liver biochemistry, bicarbonate and vitamin A levels than CFSPID.

**Conclusion:** Routinely performed laboratory parameters in CF were not predictive or helpful in differentiating between CFSPID→CF and CFSPID→CFSPID. Although these tests may reveal abnormal results in a subset of children with CFSPID, the clinical relevance of this remains to be determined.
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**TAILORING EDUCATION AT CF NEWBORN SCREENING DIAGNOSIS USING PARENTAL COPING PREFERENCES AND FAMILY RISK FACTORS**

[Butcher, J.L.]{.ul}; Filbrun, A.; Merrick, E.; Ayyash, M.; Nasr, S. *Pediatrics, University of Michigan, Ann Arbor, MI, USA*

**Background**: Prior research clearly demonstrates that the cystic fibrosis (CF) newborn screening period is highly stressful for families. Retrospective research interviews with parents regarding their experiences suggest that families have different education needs at diagnosis with some preferring factual information and others desiring emotional support. This initial education period is an important time for building relationships with medical providers and sets the stage for long‐term family adjustment. As such, having a method to tailor education at diagnosis based on an individual family\'s needs would be highly beneficial.

**Objective:** The objective of this study was to determine whether measures of parental coping and family psychosocial risk could be used to predict families\' education preferences at CF newborn screening diagnosis.

**Methods:** Parents were retrospectively contacted by mail within five years of their child\'s CF diagnosis through newborn screening. After enrollment, parents completed the Coping Strategies Inventory (CSI) and the Psychosocial Assessment Tool (PAT). They also completed a semi‐structured interview regarding their perspectives on the type, use, satisfaction, and timing of educational materials provided at diagnosis. Data were analyzed using one‐sample and independent‐sample t‐tests for continuous variables and chi square for dichotomous variables.

**Results:** To date, 21 families have been enrolled and completed questionnaires with enrollment ongoing. Interviews have been completed on 9 of these families. Participants were all mothers of 12 boys and 9 girls between the ages of 7 and 85 months (*M*=30.81, *SD*=19.58). Most (91%) of the children were Caucasian, and 85% lived in homes with two parents. One‐third of the mothers (7/21) endorsed elevated family psychosocial risk on the PAT. Compared to the normative sample, mothers reported engaging in less emotion‐focused coping (expressing emotions, seeking social support) at diagnosis. Preliminary data analyses suggest a trend (*p*\<.06) for mothers who engaged in problem‐focused coping at higher rates than the mean to spend more hours using educational materials in the first month and report greater satisfaction with educational materials provided. These mothers preferred that educational materials focus on the first year of life significantly more than mothers who had lower than average rates of problem‐focused coping (*p*\<.05). For mothers who engaged in emotion‐focused coping at greater rates than the mean, there was a trend for them to spend less time using educational materials in the first month (*p*\<.06). These mothers preferred to receive education over time rather than all at once at the first appointment (*p*\<.03).

**Discussion:** Preliminary results suggest that screening mothers\' preferred coping strategies may be a way to tailor the timing and amount of education provided. Also of note, 1/3 of mothers reported family psychosocial risk that was elevated compared to a norm group of families of children with chronic illness suggesting that both family educational and psychosocial support is important following CF diagnosis through newborn screening.

Supported by the Cystic Fibrosis Foundation Newborn Screening Quality Improvement Program.
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**UPDATED SURVEY OF NEWBORN SCREENING FOR CYSTIC FIBROSIS IN EUROPE**

[Barben, J.]{.ul} ^11^; Winters, V.^1^; Castellani, C.^2^; Dankert‐Roelse, J.^3^; Gartner, S.^10^; Kashirskaya, N.^4^; Linnane, B.^5^; Munck, A.^6^; Sands, D.^7^; Sommerburg, O.^8^; Southern, K.W.^1,9^ *1. Institute of Child Health, University of Liverpool, Liverpool, United Kingdom* *; 2. Cystic Fibrosis Center, Azienda Ospedaliera, Verona, Italy* *; 3. Department of Pediatrics, Zuyderland Hospital, Heerlen, Netherlands* *; 4. Department of Genetic Epidemiology, Research Centre for Medical Genetics, Moscow, Russian Federation* *; 5. Mid‐Western Regional Hospital, Dooradoyle, Limerick, Ireland* *; 6. Hôpital Robert Debré & AFDPHE, Paris, France* *; 7. CF Center, Institute of Mother and Child, Warsaw, Poland* *; 8. Department of Pulmonology, University Children\'s Hospital III, Heidelberg, Germany* *; 9. Alder Hey Children\'s NHS Foundation Trust, Liverpool, United Kingdom* *; 10. CF Center, Hospital Vall d Hebron, Barcelona, Catalonia, Spain* *; 11. Department of Pulmonology and CF Center, Children\'s Hospital of Eastern Switzerland, St. Gallen, Switzerland*

**Objectives:** Newborn screening (NBS) for cystic fibrosis (CF) enables earlier pro‐active treatment, which improves prognosis. The ECFS Neonatal Screening Working Group (NSWG) was established to track current practices in NBS, support implementation of NBS and establish consensus on strategies to improve this public health intervention. NSWG last conducted a survey on NBS in Europe in 2005. We aim to provide 1) an update on NBS in Europe, 2) discuss differences between protocols, and 3) identify barriers to establishing NBS programmes.

**Methods:** Three questionnaires were sent to key workers in all European countries in 2015. The key workers completed the appropriate questionnaire depending on the situation in their country. If NBS was undertaken, this might be a national programme or regionally implemented. If no NBS was undertaken, we enquired about plans and barriers to implementation.

**Results:** 1) Compared to the 2005 survey, national NBS programmes in Europe have increased from 2 to 17 (including Russia and Turkey); 4 countries (Italy, Spain, Germany and Serbia) have regional programmes. In Spain from 2015, there is complete coverage of the population with these regional programmes. Germany will start a national NBS in 2016. 25 countries do not have NBS for CF. For 10 countries, a NBS programme is under consideration.

2\) For the national NBS programmes, the following protocols are used: IRT‐DNA‐IRT (7), IRT‐IRT (4), IRT‐DNA (3), IRT‐PAP‐DNA (1), and IRT‐PAP‐IRT (1). 56% (9/16) are using a fixed cut‐off for IRT. There was a big variability in IRT cut‐offs, age at testing and second tier strategies. Protocols that include DNA testing had better PPV (mean 0.50, range 0.12‐0.91) compared to those without (mean 0.24, range 0.03‐0.48), but at the cost of recognising more infants with an inconclusive diagnosis and carriers.

3\) Lack of financial support and cutting back health care budget are the main barriers to implementation of NBS, reported by 7 of 11, however 2 reported they expect to start a NBS programme within a year.

**Conclusions:** NBS programmes are now covering the majority of the population in Western Europe. There are numerous protocols, which to some degree reflect the different economic and health systems as well as the genetic diversity of the European population. However the degree of variability is not optimal. There is an urgent need to provide a more robust framework on which to evaluate the impact of NBS for CF and provide clearer information and consensus on best practice.
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**DOES ACCOUNTING FOR FEV1% VARIABILITY ENABLE BETTER PREDICTION OF SURVIVAL IN CF?**

[Keogh, R.H.]{.ul} ^1^; Szczesniak, R.D.^2^ *1. Medical Statistics, London School of Hygiene and Tropical Medicine, London, United Kingdom* *; 2. Div. Biostatistics and Epidemiology, Univ Cincinnati, Cincinnati, OH, USA*

**Objective:** To investigate how different measures of FEV1% predict survival in CF and whether incorporating FEV1% variability---in addition to level and rate of decline---improves prediction.

**Study Design and Participants:** We used longitudinal clinical encounter data on FEV1% from the US CF Foundation Patient Registry for 2003‐2013 among over 30,000 individuals aged 6 and older, alongside corresponding survival data for the same period.

**Methods:** The aim was to predict 1‐ and 5‐year survival among individuals who had lived up to a series of clinically relevant ages, ranging from 11‐45 years, referred to as the "landmark" ages. Using the landmarking approach (van Houwelingen H. Scand J Stat. 2007;34:70‐85), Cox proportional hazard models were fitted at each landmark age. Fitting was restricted to individuals alive and uncensored at each landmark age, using predictors derived from available longitudinal measures of FEV1%. We began by using the "usual" level of FEV1% and its slope of change at the landmark age as predictors, obtained by fitting a linear mixed model to FEV1% measures in a period prior to the landmark age of interest. Four measures of FEV1% variability based on the interval up to the landmark age, were considered as additional predictors: (i) the standard deviation (SD) of FEV1% measures; (ii) the residual SD obtained from the mixed model; (iii) the range of FEV1%; (iv) the median deviation from the best FEV1% measure during the interval (following Morgan WJ, et al. J Pediatr. 2016;169:116‐21). We show results from using a 5‐year interval prior to each landmark age. Models including different predictors were compared using the C‐index (measuring the strength of association between predictors and outcome), the prediction error (using the Brier score) and by comparing predicted probabilities with observed data (model calibration).

**Results:** The usual level of FEV1% at each selected landmark age is very strongly predictive of survival. Adding the slope of FEV1% as an additional predictor improves the predictive ability. Additionally including FEV1% variability as a predictor gives some further improvement, albeit quite small. Variability measure (iv) appears the least useful as an additional predictor, but it was difficult to distinguish between the other three variability measures. The FEV1% measures were more highly predictive of 1‐year than 5‐year survival. The C‐index goes down across the landmark ages, indicating that the FEV1% measures are better predictors of survival at the younger ages. For prediction of 1‐ and 5‐year survival from age 11 the C‐index was approximately 0.95 and 0.89, respectively. For prediction of 1‐ and 5‐year survival from age 25 the C‐index was approximately 0.80 and 0.87, respectively. Calibration investigations showed that the predicted probabilities obtained from the models are close to the true probabilities.

**Conclusions:** Usual level of FEV1% is strongly predictive of survival. However, improvements in predictive ability can be made by including the slope of FEV1% and a measure of FEV1% variability as additional predictors. Further work is needed to investigate whether including additional predictors can improve prediction, especially at older ages.

**509**

**DIAGNOSTIC OUTCOMES OF INTERMEDIATE SWEAT TESTS FOLLOWING A POSITIVE CYSTIC FIBROSIS NEWBORN SCREEN**

[Bichl, S.]{.ul} ^1^; Bac, C.^1^; Goetsch, A.^1^; Levy, H.^1,2^; McColley, S.^1,2^ *1. Pediatrics, Ann & Robert H. Lurie Children\'s Hospital of Chicago, Chicago, IL, USA* *; 2. Feinberg School of Medicine, Northwestern University, Chicago, IL, USA*

**Introduction:** Statewide newborn screening (NBS) for cystic fibrosis (CF) began in Illinois in 2008. The algorithm uses an immunoreactive trypsinogen (IRT) measurement in the top 4% followed by a 44‐mutation *CFTR* mutation panel methodology showing at least one mutation and/or a very high IRT (VHIRT) of \>170 μg/mL as positive. Positive results are reported to the primary care provider with instructions to refer infants to one of 15 institutions for sweat testing and genetic counseling. Initial sweat testing often confirms or excludes a diagnosis of CF; however, intermediate sweat test results extend the period of diagnostic uncertainty for families and providers alike. There are limited data on the diagnostic outcome of these infants. This retrospective study examines diagnostic outcomes of intermediate sweat tests in an ethnically diverse group of infants referred to Ann and Robert H. Lurie Children\'s Hospital of Chicago over an 8‐year period.

**Methods:** A database was established at the onset of CF NBS to track outcomes of infants seen in follow‐up of a positive CF NBS screen. Retrospective chart review was done for all infants who had initial intermediate sweat tests. Diagnostic outcomes and follow‐up are presented in this study.

**Results:** Illinois has approximately 620 positive CF newborn screen results annually. Twenty percent (n=800) of these infants were referred to Ann and Robert H Lurie Children\'s Hospital for follow‐up from 2008‐2015. The initial sweat test was normal (\<30mEq/L) in 83% and positive (\>59mEq/L) in 5% of infants. Ten percent of infants had an intermediate test result (30‐59mEq/L), and were initially categorized as "possible CFTR‐Related Metabolic Syndrome (CRMS)/CF". An additional 2% had one or more *CFTR* mutations or variants on NBS (or prenatal genetics) of variable or unknown significance (VUS), with a sweat test \< 60mEq/L, and were also categorized as "possible CRMS/CF." By 6 months of age nearly 75% of infants with initial intermediate sweat testing had normal repeat sweat testing and were discharged from care. Two infants had positive repeat sweat tests and were confirmed to have CF at 10 weeks and 6 months of age respectively. Twenty‐five infants were given a diagnosis of CRMS at 6 months of age based on persistent intermediate sweat tests and/or genetics of VUS. Two infants with an initial positive sweat test had repeat sweat testing (prompted by genetics of VUS), that was persistently intermediate and their diagnoses were changed to CRMS. Adherence to consensus guidelines for CRMS follow up has been variable; nearly 1/3 of infant famlies declined follow up, while those followed annually have a reassuring lack of symptoms reflective of inadequate CFTR function.

**Conclusion:** Using the Illinois algorithm**,** 10% of infants with positive NBS results have intermediate sweat tests and should be followed to resolution, as any outcome is possible, including a diagnosis of CF. Adherence to guidelines for CRMS care after 6 months of age is inconsistent and represents an area for quality improvement. Additional study is needed on the outcomes of these infants long term.

**510**

**VARIABILITY OF FECAL ELASTASE DURING INFANCY: POTENTIAL IMPACT ON ITS UTILITY AS A SECONDARY CRITERION FOR CF NEWBORN SCREENING PROGRAM**

[Lai, H.J.]{.ul} ^1^; Farrell, P.M.^2^; FIRST STUDY GROUP,.^1^ *1. Nutritional Sciences, UW‐Madison, Madison, WI, USA* *; 2. Pediatrics, University of Wisconsin ‐ Madison, Madison, WI, USA*

**Background:** Fecal elastase (FE) measurements have become routine and relied upon for evaluating pancreatic functional status. A low FE is consistent with pancreatic insufficiency (PI) and has been used in some newborn screening programs as part of the diagnostic processes. However, the CFF Diagnosis Consensus Committee questioned the value of FE, especially in follow‐up after newborn screening.

**Objective:** To assess the variability of FE measurements in the first year of life and its utility as a secondary indicator in the CF newborn screening algorithm.

**Methods:** The study population includes infants enrolled in *FIRST (Feeding Infants Right... from the STart)*, a prospective observational study initiated in 2012 to enroll 200 infants at 6 CF Centers (Madison, Milwaukee, Boston, Indianapolis, Salt Lake City and Chicago) by 2017 to identify optimal feeding. As of 6/30/16, 137 infants have been enrolled at 1.6±0.8 mo. FE was measured at enrollment, 2, 4, 6, 8, 12 18 and 24 mo until 2 consecutive values are below 100 mg/g. We analyzed 409 FE measurements from 102 infants who reached 12 mo of age by 6/30/16.

**Results:** Of the 102 infants, initial FE was measured at 1.2±1.5 mo; 50% were \<50 μg/g, 26% between 50‐99 μg/g, 11% between 100‐199 μg/g, and 13% were \>200 μg/g. One infant (2%) with homozygous F508del genotype had initial FE \>200 ug/g, whereas 11 infants (26%) with heterozygous F508del and one infant (11%) with no F508del mutation had initial FE \>200 ug/g.

Of the 13 infants with initial FE \>200 mg/g, subsequent FE values were always above 200 μg/g in 7 infants (64%). However, one infant\'s (8%) subsequent FE value fluctuated above and below 200 μg/g, and 3 infants\' (27%) subsequent FE declined to \<200 μg/g (one declined to 131 μg/g, the other two declined to \<50 μg/g). Of the latter 4 infants, one is F508del homozygote and three are compound heterozygotes with one F508del mutation. Of the three compound heterozygotes, one infant had non‐disease causing mutation (V754M or c.2260G\>A) according to the CFTR2 database, another infant\'s second mutation was not found in CFTR2 database (c.2052dup), and the other infant\'s second mutation is not yet identified.

**Conclusions:** In this cohort, 13% of infants with CF had initial FE above 200 μg/g before 6 mo of age; among them, 27% declined to \<200 or \<50 μg/g by 24 months of age. This apparent "false negative" rate appears high and should be considered in making decisions in adopting FE as a secondary criterion in CF newborn screening algorithm. (Funded by NIH R01DK072126, R56DK109692, UL1TR000427, CFFT LAI14A0 & CFFT LAI15A0)
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**CYSTIC FIBROSIS IN ADULTHOOD: DIAGNOSIS AS A RESULT OF THE STUDY OF RELATIVES WITHIN THE NEWBORN SCREENING PROGRAMME**

[Gartner, S.]{.ul} ^1^; Alvarez, A.^1^; Rovira, S.^1^; Fernandez, P.^2^; de Gracia, J.^1^; Quintana, E.^3^; Tizzano, E.^2^; Moreno, A.^1^; García‐Asumí, E.^2^; de Mir, I.^1^; Torrent, A.^1^ *1. Cystic Fibrosis Center, Hospital Universitario Vall d\'Hebron, Barcelona, Barcelona, Spain* *; 2. Department of Clinical and Molecular Genetics, Hospital Universitari Vall d\'Hebron, Barcelona, Barcelona, Spain* *; 3. Cystic Fibrosis Center, Hospital Universitario Virgen del Rocio, Sevilla, Andalucía, Spain*

**Introduction:** Newborn screening (NS) was implemented in our hospital 17 years ago. NS for cystic fibrosis (CF) provides the opportunity for cascade carrier testing of relatives when a positive case is discovered. Routinely all parents of a diagnosed patient are tested to confirm carrier diagnosis.

**Objective**: To describe our experience in diagnosis of CF in parents/ relatives of children with CF discovered through NS.

**Methods:** We examined clinical retrospective data of parents/relatives of children diagnosed with CF through NS.

**Results:** A total of 110 CF children were detected by NS in our center during the last 17 years. All parents (n=220) were identified as heterozygous carriers of the corresponding mutation with the exception of three parents and a grandmother who, in addition to the corresponding mutation, presented other *CFTR* mutations in *trans*.

*Family 1*: Case index: NBS:+, sweat test (ST)= 105 mmol/L, homozygous:F508del. Father: ST: 65 mmol/L and genotype F508del/ D443Y, G576A, R668C.

*Family 2*: Case index: NBS:+, ST= 65 mmol/L. Father: ST= 56/59 mmol/L and genotype G576A, R668C/ 5T‐12TG.

In these two parents clinical symptoms (rhinosinusitis and bronchitis) and conception of the CF baby through in vitro fertilization (IVF) made suspicion of CF diagnosis that was lately confirmed by genetic testing.

*Family 3*: Case index: NBS:+, ST=96 mmol/L, genotype F508del/ F587I. Genetic testing of the mother identified the same mutations as her affected son. She transmitted the F587I mutation and the F508del was transmitted from the father. Her ST was 75 mmol/L and a history of recurrent rhinosinusitis was present.

*Family 4*: Case index: NBS:+, ST= 104 mmol/L, genotype F508del/712‐1G\>T. The mother was carrier of the 712‐1G\>T. The study of two siblings of the mother showed one carrying 712‐1G\>T 2 and the other 5T‐12TG. Genetic testing of the grandmother of the index case identified both mutations: 712‐1G\>T/5T‐12TG and ST: 78 mmol/L. She has a history of asthma and bronchiectasis and was finally diagnosed as CF at the age of 56 years of age after several years of follow up for respiratory disease.

**Conclusions:** Carrier testing after a CF diagnosis through NS should be mandatory in order to identify true carriers, CFTR‐RD or mild CF cases for better follow‐up and familial genetic counselling.

**512**

**CYSTIC FIBROSIS CASES DETECTED BY NEWBORN SCREENING PROGRAM IN NUEVO LEON, MEXICO**

[Hinojosa‐Amaya, A.B.]{.ul} ^1^; Torres, R.^1^; López‐Uriarte, G.A.^1^; Arredondo‐Vazquez, P.^2^; Villarreal‐Perez, J.Z.^2^; Bustamante, A.E.^3^; Martinez de Villarreal, L.E.^1^ *1. Genética, Hospital Universitario UANL, Monterrey, Nuevo Leon, Mexico* *; 2. Servicios de Salud de Nuevo Leon, Monterrey, Mexico* *; 3. CEPREP, Hospital Universitario UANL, Monterrey, Mexico*

**Introduction:** Cystic fibrosis (CF) is an hereditary autosomal recessive disorder whose early detection may decrease morbidity and mortality (VanDevanter DR, et al. J Cyst Fibros. 2016;15:147--57). Newborn screening (NS) of CF is included in several programs worldwide. In Mexico detection of CF is not included (Yokoyama E, et al. Rev Invest Clin. 2013;65:491‐9). Nevertheless in Nuevo Leon, a state located in northeast Mexico, the neonatal quantification of IRT started in 2011.

**Objective:** Present the results of the NS of CF in Nuevo Leon, Mexico.

**Methods:** This is a cross‐sectional, observational, descriptive and retrospective study. Newborns from eight public hospitals belonging to the Health Services of the State of Nuevo León and the University Hospital Dr. Jose E Gonzalez, UANL, were sampled from September 2011 to October 2015. Births in these hospitals are around 40 000 births per year. Capillary blood samples were taken by direct heel puncture 24 hours after birth and placed on S&S 903 filter paper and transported to the Genetic department of the Medical School UANL. Immunoreactive trypsinogen was quantified by the fluoroimmunoassay technique (IRT Perkin Elmer). Cut‐off values were obtained and a diagnostic algorithm was followed. For infants with results between 3 and 4 SD above the mean, a second sample was requested. Newborns with values ≥ 4SD were sent to an urgent evaluation for a pediatric pulmonologist in the Cystic Fibrosis Clinic, and a second sample was taken. If the result of the second sample was again above normal, the patient was sent to evaluation and confirmatory sweat chloride test was made using iontophoresis technique. Patients with altered samples and negative confirmatory tests were followed within a year to detect clinical features.

**Results:** Cut‐off values were established as: \>80 ng/mL (between 3SD to 4SD) and \>125 ng/mL (\>4SD) adjusted according to the sample size. A total of 142,162 samples were analyzed. There were 295 (0.2%) positive first samples, from which only 236 (80%) second samples were obtained. A total of 25 (10.59%) second samples were reported abnormal and diagnosis was confirmed in 12 (63.15%) cases. In six (24%) cases the diagnosis was not confirmed due to four patients lost to follow‐up, one died and the other had ichthyosis and the sweat test could not be done; in the other seven sweat chloride was negative and are followed up. We had three newborns with normal TIR, two developed meconium ileus and another developed clinical symptoms of CF so we classified them as false‐negative cases (0.002%). In total we confirmed 15 patients with CF. Currently 11 (73%) patients are on surveillance and in good health, two (14.2%) patients died and one is lost. An incidence of 1/9,477 births was calculated.

**Conclusion:** NS of CF in Nuevo Leon showed an incidence similar to the reported in the literature, indicating that the disease is present in the Mexican population and it should be included in NS. Early detection contributed to prompt management leading to good health in the majority of cases.
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**DYNAMIC PREDICTION OF DEATH OR LUNG TRANSPLANTATION FOR PATIENTS WITH CYSTIC FIBROSIS USING JOINT MODEL FOR LONGITUDINAL AND TIME‐TO‐EVENT DATA**

[Nkam, L.]{.ul} ^1^; Lambert, J.^2^; Latouche, A.^3^; Bellis, G.^4^; Burgel, P.^5^; Hocine, M.^1^ *1. Laboratoire MESuRS, Conservatoire National des Arts et Métiers, Paris, France* *; 2. Hôpital Saint‐Louis, Paris, France* *; 3. Conservatoire National des Arts et Métiers, Paris, France* *; 4. Institut National d\'Etudes Démographiques, Paris, France* *; 5. Hôpital Cochin, Paris, France*

**Introduction:** The management of cystic fibrosis (CF) requires an ongoing monitoring of patients, in which many markers related to the evolution of the disease are collected. The analysis of these markers allows us to describe the progression of the disease and anticipate the occurrence of clinical events. In the case of cystic fibrosis, one of the most important markers is the FEV~1~ which is used to assess the disease severity and to detect patients eligible for lung transplantation. Such markers dynamically change over time. It is then important to take into account all the repeated measures of FEV~1~ rather than its value at baseline, to better assess the relationship between the marker and survival and to better predict the risk of event in patients with CF.

**Objectives:** The aim of this study is first to examine the relationship between the evolution of FEV~1~ and the occurrence of death or transplantation in adult patients with CF. Second, to provide dynamic predictions of the risk of death or transplantation using the developed model.

**Materials and Methods:** We developed a joint model with shared random effects to assess the relationship between repeated FEV~1~ measurements and time‐to‐death or transplantation in patients with CF. The model combines two processes, a longitudinal process which describes the repeated measures of FEV~1~ and a survival process which describes the event defined as death or transplantation.

We analyzed data from the French Cystic Fibrosis Registry. Patients aged 18 or older on 31st December 2010, non‐transplanted before the study period and for whom vital status was known on 31st December 2013 were included in the study. We performed a forward stepwise selection to identify baseline variables related to each process. The survival process was depended on the current level and the slope of FEV~1~. We used the retained joint model to provide dynamic predictions.

**Results:** A total of 2045 patients were included in the study, among them 255 (12.5%) died or were transplanted during the study period. Younger patients, female gender, higher body mass index (BMI), and lower number of days of intravenous treatment were highly associated with an increased FEV~1~. Factors associated with a lower FEV~1~ included: *Burkholderia cepacia* infection*, Pseudomonas aeruginosa* infection, long term oxygen therapy. Factors associated with death or transplantation included: *Burkholderia cepacia,* use of oral corticosteroids, high number of intravenous treatment days, lower BMI. The risk of death or transplantation was significantly depended on both the current value and the slope of FEV~1~. A lower FEV~1~ at a specific time point was in favor of increasing death or transplantation in adult patients with CF. The model gave good predictive performances.

**Conclusion:** Joint models provide more accurate and individualized predictions which can be updated with each additional FEV~1~ value, this may be useful for clinicians to identify patients eligible for transplantation.

Supported by Vaincre La Mucoviscidose.
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**CHARACTERIZATION OF MISSED CF CASES DUE TO LOW IRT IN NEWBORN SCREENING**

[Kharrazi, M.]{.ul} ^1^; Pearl, M.^2^; Sacramento, C.^2^; Amanzio, M.^2^; Lum, R.^2^; Scalf, R.^2^; Comeau, A.M.^3^; Caggana, M.^4^; Kay, D.M.^4^ *1. California Dept. of Public Health, Richmond, CA, USA* *; 2. Sequoia Foundation, La Jolla, CA, USA* *; 3. New England Newborn Screening Program, University of Massachusetts Medical School, Jamaica Plain, MA, USA* *; 4. Wadsworth Center, New York State Dept. of Health, Albany, NY, USA*

**Introduction:** All newborn screening programs begin with measurement of immunoreactive trypsinogen (IRT) in dried blood spots taken early in life. However, universally a portion of CF cases are missed because they have levels of IRT below program cut points. Lowering cut points improves program sensitivity, but no reasonable cut point has been found for screening to be 100% sensitive. We sought to enroll all U.S. programs into a survey to determine (a) the prevalence of CF cases missed due to IRT levels below program cutoffs, and (b) characteristics of the newborn population, screening programs, hospitals, laboratories, and specimen transit associated with risk of being missed by CF newborn screening because of a low IRT value.

**Methods:** The study population included live births occurring after the introduction of CF newborn screening (prior to 2010) and before 1/1/2013 to allow for an 18‐month follow‐up period to identify missed cases. Programs were asked to provide: 1) CF newborn screening program‐specific data; 2) individual‐level data on low‐IRT false negative (LFN) CF cases; 3) summary data on screen‐positive confirmed CF cases; and 4) summary data on all screened newborns. Survey questions were designed to identify possible mechanisms for IRT degradation and other risk factors, including the hospital setting, transit to screening laboratory, laboratory analysis, child demographics, genotype, and the diagnosis. Risk factor distributions in LFN cases were compared with those in screen‐positive CF cases (CF+), and all screened newborns (ALL).

**Results:** To date, 13 states ‐‐collectively comprising 47% of U.S. births and 12,227,220 screened newborns‐‐ completed all or most of the survey. A total of 2,199 CF cases were identified by screening, with an additional 57 LFN cases reported, yielding an overall low IRT missed CF case rate of 2.5%. While IRT values were higher in LFN cases than in ALL (median 38ng/mL and 23ng/mL, respectively), only 12.2% of the LFN cases had an IRT value within 3ng/mL of the state\'s cut point. ALL, LFN and CF+ case groups were similar with regards to sex. The median infant age at blood collection was 2 hours longer than for CF+ cases, and 4 hours longer than for ALL; similarly median age at IRT testing was 0.2 and 0.4 days longer than for CF+ cases and ALL, respectively. Excess LFN births were found in the birth months of August and November and on the birth day of Saturday, compared to both CF+ cases and ALL.

**Conclusions:** These preliminary findings suggest that the vast majority of LFN missed cases would not have been detected with a small adjustment to the screening IRT cut point. Older age at specimen collection and IRT testing, and the distribution by month and weekday, may point to aspects of the hospital and/or laboratory as important determinants of LFN cases.

Supported by The Legacy of Angels Foundation and Health Resources and Services Administration.
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**COMBINING IRT/PAP WITH DNA ANALYSIS TO REACH A WELL PERFORMING CF NEWBORN SCREENING STRATEGY FOR GERMANY**

[Sommerburg, O.]{.ul} ^1^; Stahl, M.^1^; Muckenthaler, M.^2^; Kohlmueller, D.^3^; Happich, M.^2^; Kulozik, A.A.^2^; Hoffmann, G.F.^3^; Mall, M.A.^1^ *1. Div. of Pediatric Pulmonology, Dept. of Pediatrics III, University Children\'s Hospital Heidelberg, Heidelberg, Germany* *; 2. Dept. of Pediatrics III, University of Heidelberg, Heidelberg, Germany* *; 3. Dept. of Pediatrics I, University of Heidelberg, Heidelberg, Germany*

**Introduction:** In Germany, the Federal Joint Committee decided to implement a nationwide CF newborn screening in 2016. Evidence from recent European studies suggests that protocols using immunoreactive trypsinogen (IRT) and pancreatitis‐associated protein (PAP) for cystic fibrosis (CF) newborn screening (NBS) may be successfully used as a purely biochemical NBS strategy. Pure IRT/PAP protocols can reach acceptable sensitivities and specificities, but this comes at the expense of a relatively low positive predictive value (PPV). The Dutch CHOPIN study (Vernooij‐van Langen AMM, et al. Thorax. 2012;67:289‐95) has reported that using a three‐tier strategy (IRT/PAP + extended gene analysis) results in a better PPV. The German authorities decided also for an IRT/PAP/DNA protocol, but due to the strict German gene diagnostic act, extended gene analysis was not desirable as 3rd tier.

**Objective:** Assessment of the performance of different IRT/PAP/DNA CF newborn screening protocols using different mutation panels for DNA analysis as 3rd‐tier reaching 80%, 90%, and 95% allele coverage in the German population.

**Methods:** Raw data from the Heidelberg CF newborn screening cohort (2008‐2015, approximately 400,000 newborns) were used for a post hoc analysis. The data were obtained in a previous study evaluating a pure biochemical IRT/PAP protocol with one IRT‐independent PAP‐cut‐off and a safety net strategy (CF‐NBS positive, if IRT ≥ 99.9th IRT percentile) according to Sommerburg et al. (J Inherit Metab Dis. 2010;33(Suppl 2):S263‐71). During this study the results of the IRT/PAP protocol were compared internally to a standard IRT/DNA protocol run in parallel. To assess the efficacy and performance of the 3rd‐tier step of an IRT/PAP/DNA protocol mutation panels with 4 *CFTR* mutations covering 80%, with 10 *CFTR* mutations covering 90%, and with 31 *CFTR* mutations covering 95% of all alleles found in the German population were evaluated.

**Findings:** The three‐tier strategy IRT/PAP/DNA keeps main advantages of IRT/PAP, such as the detection of considerably fewer carriers and fewer newborns with CFSPID when compared with current IRT/DNA screening strategies, but shows in general a higher specificity and a higher PPV. However, the combined protocol achieves sensitivity similar to that of the two‐tier IRT/PAP protocol only when a *CFTR* mutation panel with at least 95% allele coverage is used.

**Conclusions:** Our results obtained in a cohort of more than 400,000 newborns support the use of an IRT/PAP/DNA protocol with a mutation panel with 31 *CFTR* mutations to achieve a sufficient sensitivity when compared to a two‐tier IRT/PAP protocol.
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**INFLAMMATORY PROFILING OF INFANTS WITH CF AND CRMS IDENTIFIED THROUGH NEWBORN SCREENING**

[Zirbes, J.M.]{.ul}; Yacob, A.; Milla, C. *Pediatrics, Stanford University, Palo Alto, CA, USA*

Lung disease continues to be a dominating feature of CF, contributing significantly to its morbidity and mortality. CF newborn screening (CFNBS) provides an opportunity for early disease identification and intervention to avert the progression of lung disease. In California, CFNBS started in July of 2007. The screening algorithm implemented can detect previously known as well as novel mutations and variants of unknown significance, with corresponding varying degrees of CFTR dysfunction. This presents a diagnostic dilemma, as many will remain asymptomatic in early childhood, a condition categorized as CFTR‐related metabolic syndrome (CRMS). Only through the systematic and detailed longitudinal study of infants with CRMS can an understanding of the associated risk for lung disease be better established. We hypothesized that biomarkers reflective of the inflammatory activity from lung disease will differ between CF and CRMS infants. We evaluated a panel of inflammatory biomarkers in a cohort of infants identified through CFNBS. Plasma samples were obtained as part of a longitudinal prospective study during a period of good health and freedom from exacerbation. A human cytokine Luminex 63‐plex antibody bead kit (custom‐built by eBiosciences, San Diego, CA) was used according to manufacturer\'s recommendations. Of particular interest inflammatory cytokines typically reported in CF lung disease such as IL‐1β and IL‐8 were not significantly different between the groups and found at low levels, perhaps as a reflection of their stable health and early stage in the disease process. However, we did notice differences in cytokines associated with immune modulation, response to infection and innate immunity. Statistically significant differences were noted between infants with CF and those with CRMS (boxplots for distribution by study group in Figure, all comparisons p\<0.05), with CF infants demonstrating increased levels (in pg/mL) of the proinflammatory cytokines MIG, TNFα, VEGF, Resistin, and MIP1β, and lower levels of the immunemodulatory IL‐22. We conclude that systemic inflammatory profiling in CF NBS infants demonstrates significant differences, with a benign profile for infants with CRMS suggesting a lack of significant lung disease early in life in this group.
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**ASSESSING DEATH DATA OF PEOPLE WITH CF IN 2012‐2014: COMPARISON BETWEEN THE CFF REGISTRY AND MULTIPLE CAUSE OF DEATH DATA**

[Elbert, A.]{.ul}; Petren, K.M.; Rizvi, S.; Marshall, B.; Loeffler, D.; Fink, A. *Medical, CFF, Bethesda, MD, USA*

**Background:** The Cystic Fibrosis Foundation Patient Registry (CFFPR) is an ongoing observational study that tracks longitudinal demographic, clinical and treatment outcomes of people with cystic fibrosis (CF) receiving care at CF care centers in the United States. The CFFPR captures patient death dates along with six options to specify primary cause of death. However, not all people with CF participate in the CFFPR and not all deaths of people with CF are recorded in the registry. Therefore, the true number of deaths caused by CF each year remains unknown.

**Objective:** The objective of this analysis was to compare number of deaths and age at death as reported in the CFFPR from 2012‐2014 with the Multiple Cause of Death File (MCOD), which are based on death certificates for US residents. The secondary objective was to compare causes of death reported through the CFFPR and MCOD.

**Methods:** The CFFPR team annually validates death data with the care centers. The CFFPR captures one primary cause of death whereas the MCOD contains a single underlying cause of death and up to twenty additional multiple causes. This analysis included death data for people with CF from 2012‐2014. For the CFFPR, this included all deaths of people with CF; for the MCOD, this included people whose death certificate listed CF as the cause of death, as identified by one of the ICD‐10 diagnostic codes for E84.0 ‐ E84.9 (cystic fibrosis). The CFFPR and MCOD data were then stratified and compared by age at death.

**Results**: Between 2012 -- 2014, over 80% of CF deaths were reported in both the CFFPR and the MCOD (1,315 CF deaths reported in the CFFPR as compared to 1,611 CF deaths in the MCOD). Reported age at death varied between the datasets. For reported deaths between 1‐60 years of age, the CFFPR data correlated with more than 87% of the MCOD data. However, in the very youngest and very oldest cases, there was less overlap. For reported deaths \>75 years, there were fewer than five cases in the CFFPR, whereas in the MCOD, there were 42 cases, a difference of \>98% in this cohort. For those under 12 months of age, the CFFPR had fewer than five cases, whereas the MCOD had 24 cases, a difference of nearly 17% in this cohort. Causes of death listed in the MCOD other than CF included: Respiratory Failure (unspecified or acute), Pneumonia, Cardiac Arrest, Other Lung Disorders, Diabetes‐Related, Complications of Organ Transplant, Pneumonia, Cirrhosis of Liver, Kidney Failure and Disease of Pancreas (unspecified). Data from the CFFPR shows more transplant‐related deaths than the MCOD.

**Conclusions:** The best correlation between the MCOD and CFFPR data is achieved for those individuals aged 1‐60 years. It is possible that for those aged \>75 years the MCOD has a higher probability of having incorrect ICD‐10 death certificate code of CF. The difference in deaths counts during the first year of life may suggest that some of those who died did not receive care in the CF centers and therefore could not participate in the CFFPR. Further granular analysis of the MCOD data is needed and may indicate important trends and causes of deaths for people with CF.

**QUALITY IMPROVEMENT**
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**LAUNCHING QUALITY IMPROVEMENT FOR CYSTIC FIBROSIS: A CANADIAN SUCCESS STORY IN THE MAKING**

McIntosh, I.D. *Healthcare, Cystic Fibrosis Canada, Toronto, ON, Canada*

**Background:** Cystic Fibrosis Canada (CFC) invests in the future of CF care by funding research, and supports those living with CF today, through its Healthcare Programs. To augment this work, CFC introduced a structured Quality Improvement (QI) program for CF clinics.

**Methods:** Following a national QI conference in May 2013, all Canadian CF clinics were invited to participate in the new CFC QI program, launched in October 2013. Endorsed by the Board of Directors, and with leadership assistance and guidance from CFC\'s Director of Healthcare Programs, twelve clinic teams have participated in the first three one‐year cohorts of the program, during which time they have met regularly to learn about, and conduct improvement work with QI experts. The program was developed in collaboration with The Dartmouth Institute Microsystem Academy, given their expertise in QI initiatives, specific to CF.

Tools, concepts and methods have been taught to address clinic activities and outcomes. Each team has worked closely with an assigned QI coach, who assists with curriculum learning and motivates and guides each team in their QI efforts. Markers of measurability have been identified and tracked in order to quantify changes and demonstrate improvement.

**Results:** With the introduction of the QI program and the subsequent awareness among all clinics, the national landscape now has a distinct focus on QI. With a refreshed mind‐set, clinics are not just delivering care, but identifying ways to improve it. Some of the largest clinics in the country were early participants, but smaller clinics -- including one of the smallest in the country -- were also eager to be involved. Participation has been from 6 provinces, including all CF clinics in BC.

With new improvement capacity, CF clinics have identified and are addressing themes for improvement including increased knowledge of, and adherence to airway clearance techniques; frequency of treatments for improved FEV~1~ measurements; better nutrition and increased BMI measurements; delivery of care for sick patients who present outside of standard outpatient clinic times; the reduction of waiting times during clinic visits; increased access to medical and nursing support; better follow‐through and monitoring of ancillary clinical testing; the process of screening for depression and anxiety.

Early results suggest improvements in clinical outcomes; work on other themes is underway.

The most common concern expressed by participants has been the time commitment, which is considerable; however, this has not deterred involvement, and it is anticipated that efficiencies gained will save time. With a vast difference in clinic population sizes -- from fewer than 20 to over 300 -- the program has been adapted for participating teams, especially with respect to measurability.

**Conclusions:** Nearing the end of the initial three‐year launch of the program, uptake among clinics has been good -- more than a quarter of all CF clinics in Canada have participated -- and the program has been well‐received. Although still early, encouraging progress has been observed in patient outcomes, and continued improvements are anticipated. A commitment from clinics is required to participate in this initiative; however, the benefits are considerable, and the potential for long‐term, national improvements is great.
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**METHODS FOR GREATER PARTICIPATION IN CF RISE**

[Merz, J.]{.ul}; Nasr, S. *Pediatric Pulmonology, University of Michigan Health System, Ann Arbor, MI, USA*

**Objective:** To implement the CF RISE program (CF Responsibility. Independence. Self‐ Care. Education.), funded through Gilead, as part of our center\'s standard practice, targeting patients ages 16‐21 (in the pediatric clinic).

To investigate ways to overcome clinic time constraints and conflicting agendas that can interfere with successful implementation of the program.

**Methods:** To increase enrollment and participation in the program, the following steps were taken:

1‐Outpatient Social Worker / CF RISE Champion (SW/C) had patients sign into the CF RISE patient portal while in clinic to ensure their participation and to help troubleshoot any problems with registration.

2‐SW/C sent individual reminders to patients 1‐2 days prior to their clinic visit to complete portions of the program (reminders sent via e‐mail or text‐from‐computer with patients who agreed to this at enrollment).

3‐During hospital admissions, SW/C met with patients to introduce the program at bedside and encourage participation.

4‐SW/C oriented the inpatient team including the nursing staff and inpatient SW to the program to help remind and encourage patients to participate.

5‐SW/C coordinated with the inpatient Nurse Coordinator to involve the Get Well Network (GWN) -- inpatient bedside computer system. The GWN created a link to gain easier access to the CF RISE website, as well as allowing for a messaging system to individual patient rooms. SW/C coordinated when reminders were appropriate with a new pop‐up message being able to be sent to the individual\'s bedside TV/computer.

**Results:** Enrollment improved with patients signing up on the patient portal while in clinic or during an admission. Participation also improved in using reminders prior to clinic visits, as well as reminding patients to complete portions during any hospital admissions. To date, 41 patients out of 59 total (ages 16‐21) are successfully enrolled into the program. Patients have expressed a sense of accomplishment in increasing their CF knowledge base. Parents have also responded favorably to our preparation efforts and have expressed relief in having something tangible to focus on. We anticipate that this will lead to a reduction in anxiety and stress related to the transition process as it allows for meaningful discussion and successful goal completion.

**Discussion:** The program has been very well received by patients and parents. In addition, the program has been a welcomed addition to our transition program. Both the pediatric and adult teams have been excited about the results of the program with better patients\' knowledge and independence. Finding creative ways to remind and help patients participate in this program has been well received by patients and has been rewarding for the medical team. Capitalizing on using clinic and inpatient time to get patients to participate has been helpful. Our next steps are to incorporate some direct quotes from this age range to share with the whole center, hoping to encourage participation from patients who may be less motivated.
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**APPLYING EQUIP‐CR STRATEGIES TO THE CFF PATIENT REGISTRY INFORMED CONSENT PROCESS**

[Kump, T.E.]{.ul}; Roth, L.M.; Hastings, P.M.; Antos, N.J. *Dept. of Pediatrics, Medical College of Wisconsin, Milwaukee, WI, USA*

**Background:** The Cystic Fibrosis Foundation (CFF) reported concerns regarding documentation of informed consent for the CFF Patient Registry (PortCF). PortCF is used for research and clinical care. Patients are typically enrolled soon after diagnosis and re‐consented at age of majority. The CFF recommended that each center conduct an internal audit of informed consent forms (ICFs).

**Aims:** To validate PortCF ICFs at our site, assess our current PortCF informed consent/enrollment process, and identify quality issues/barriers to compliance.

**Methods:** First step was to create a list of patients currently enrolled in PortCF to identify and validate ICFs. Original ICFs were filed chronologically by year of consent from 2003‐2010, and alphabetically 2010‐present. All original ICFs (n=698) were scanned for electronic archival. All ICFs for active patients (n=189) were uploaded into PortCF. All original ICFs were refiled alphabetically. Next, methods for obtaining, recording, and filing ICFs were reviewed. Previously the consent process was completed by clinicians and research staff and a list was kept of enrollments only, including ICF date. Several barriers to the ICF process were identified including multiple individuals involved with no set process, inconsistent communication between staff consenting and staff enrolling the patient into PortCF, inefficient filing system and inadequate tracking of ICFs.

**Results**: Internal ICF audit identified one active patient enrolled in 2011 for which an original consent could not be located. He was consented at his next clinic visit. Two patients were identified who were not re‐consented pursuant to a 2010 protocol amendment, due to legal guardianship issues. Of note, the amendment did not affect their participation in PortCF and they are no longer seen at our center. These events were reported to the Children\'s Hospital of Wisconsin IRB. We improved our processes for consistency and efficiency, and to prevent future errors from occurring. In our new process, ICF is only obtained only by a research team member. This includes the CF Registry Coordinator (CFRC) who is a research coordinator, the lead Research Coordinator, or the Research Manager. Once the ICF is signed, the CFRC then a) updates a tracking spreadsheet; b) sends a copy of ICF to medical records; c) scans ICF for electronic archiving; d) files original ICF alphabetically; e) enrolls patient in PortCF; f) uploads ICF into PortCF. New lists have been created to track patients who declined consent or are not enrolled and those who have not been approached for initial consent or require re‐consent due to age. The lists are accessible to the care team. We have had no further issues with PortCF ICFs.

**Conclusions:** Internal audit revealed overall high compliance with PortCF ICF documentation. All but 1 patient had an ICF on file and all patients signed the current IRB‐approved ICF. To prevent future errors and standardize workflow, process improvements were implemented to remove barriers and improve efficiency in the PortCF informed consent and enrollment process. Next steps will be to assess the ICF process/documentation for other studies.
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**BUILDING AND CULTIVATING QI CULTURE IN OUR CF CENTER**

Nasr, S. *Univ. of Michigan, Ann Arbor, MI, USA*

**Introduction:** Tremendous advances in CF care have resulted in a vast improvement in the health, lifespan, and quality of life of individuals with CF. Unfortunately, optimal medical care is time consuming and complex and involves medications and treatments administration through multiple modalities through the day. Maintaining the daily medication regimen is difficult for many people with CF and their families. Previous research has demonstrated that rates of medical regimen adherence for people with CF are around 50%. Patients and families cite a number of barriers to adherence including educational deficiencies, family stressors, scheduling difficulties, and defiance. Quality Improvement (QI) initiatives are crucial to help overcome barriers and successfully manage daily therapies.

**Objective:** To review the development and cultivation of QI Culture, at the CF center at the University of Michigan (U of M).

**Methods:** Members of the CF Center Team include 11 pediatric pulmonologists, 3 pediatric pulmonary fellows, 5 respiratory therapists, 4 nurses, 2 social workers, 2 dieticians, 1 psychologist, 1 clinic coordinator, 2 medical assistants, 1 physical therapist and 1 pharmacist. There is an active Family Advisor Board (FAB). The QI process includes:

1\. The Center participated in CFF eLLC in 2010. That provided formal QI teaching to the group led by the coach that was assigned to our group and through our QI discussions.

2\. QI work has been involving all CF team members.

3\. QI projects are selected after reviewing the center CF Registry data to identify opportunities for improvement.

4\. The center aligns QI efforts to result in measurable improvement in clinical outcomes (process improvement tied to clinical outcomes with key drivers).

5\. The center consistently involves patients and families in identifying, designing, and /or implementing improvement efforts through the FAB, Family Education Night and through discussions in clinic.

**Results:** Formal teaching of all team members has helped in creating a culture of QI in our center. Including people with CF and their families as integral members of the care team has helped in having the support and buy‐in from them. This partnership has been helping in improving and prioritizing individual\'s treatment plans and improving their quality of life. QI projects/ interventions include:

a\. BMI improvement

b\. Assessment of barriers to adherence

c\. Using prescription refill data to improve adherence to medications

d\. Improving annual lab work testing in all patients and OGTT testing in ≥ 10 years old

e\. Using home spirometries (Spiro PD) to monitor and improve adherence

f\. Improving adherence to CFF guidelines for clinic visit attendance

g\. FAB: creating inpatient high calorie menu

**Discussion:** Cultivating a QI culture in our center was possible through formal QI teaching to the whole team. That empowered the whole team to participate in QI work. It also led members of the team to come up with their own QI ideas. By involving parents and patients in the QI work, they were able to come up with their own QI ideas. Involving all the stakeholders in the QI process will ensure sustainability of the QI work in our center.
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**DEVELOPING A COPRODUCTION DASHBOARD USING HUMAN‐CENTERED DESIGN**

[Prickett, M.]{.ul} ^1^; Laguna, T.A.^2^; Savant, A.P.^3^; Dunitz, J.M.^2^; Brady, C.^4^; Dowd, C.G.^6^; Van Citters, A.^5^; Sabadosa, K.^5^; Marshall, B.^6^; Nelson, E.^5^ *1. Northwestern University, Chicago, IL, USA* *; 2. University of Minnesota, Minneapolis, MN, USA* *; 3. Ann & Robert H. Lurie Children\'s Hospital, Chicago, IL, USA* *; 4. Children\'s Respiratory and Critical Care Specialists, Minneapolis, MN, USA* *; 5. The Dartmouth Institute, Lebanon, NH, USA* *; 6. Cystic Fibrosis Foundation, Bethesda, MD, USA*

**Introduction:** Coproduction of healthcare services can be defined as clinicians and patients working together to produce services through processes of shared planning and execution, and it requires both respectful interactions and effective communication. Coproduction has been effectively utilized in areas outside of healthcare, and has recently been applied in health care. However, integration into current practices for a specific disease in the US has yet to be achieved. To test whether coproduction in cystic fibrosis (CF) care is achievable, the CF Foundation (CFF) and The Dartmouth Institute (TDI) initiated a pilot project to design, develop, and test the feasibility of an electronic coproduction dashboard for use at both point‐of‐care and between clinical encounters.

**Methods:** A Human‐Centered Design process was adopted to a) define the problem from the end‐user perspective, b) understand the context for use, c) build design consensus, and d) establish and pilot test design specifications. A multi‐stakeholder workgroup met bi‐weekly for five months (July to November 2016) to ensure broad end‐user perspective on dashboard features and functionality. In addition, 5 US CF programs---3 pediatric and 2 adult---served as pilot sites (including persons with CF and parents, and providers) to further refine the design. Monthly online sessions and guidebooks were used for dashboard design iteration. Five 1‐hour focus groups with potential end‐users were conducted to collect feedback on proposed designs. An in‐person meeting with pilot sites, CFF, and TDI leaders finalized a prototype.

**Results:** Eighty‐two stakeholders participated in the design process to date: 34 clinicians, 16 parents, 8 adults with CF, 11 IT professionals, 5 CFF leaders, and 8 researchers. Key needs expressed by end‐users included real‐time data to measure effects of interventions and a bidirectional, communication system to allow partners to work together to achieve patient/parent defined goals. Stakeholder consensus revealed four essential features: a) easy assembly and sharing of health metrics and pertinent clinical information, b) integrated communication tools between patients/caregivers and their healthcare team, c) programming to identify guideline‐based care, and d) integration with future new technologies. Mitigation strategies for anticipated obstacles to testing were identified and a set of measures was identified to evaluate improvement of the dashboard over existing services (including impact on health and functional outcomes, patient/provider experiences, and clinic efficiency).

**Conclusions:** Creating a shared information environment to coproduce CF care is feasible. Engaging stakeholders in the design process is an essential step to develop an accepted and usable tool.

**Acknowledgments:** Supported by the Robert Wood Johnson Foundation (Grants: \#71211 and 72313) and CFF (Grant \#OCONNO04Q10).

**523** **▴**

**REACT: AIRWAY CLEARANCE TECHNIQUE WITH NEBULIZER COMPRESSOR EVALUATION TOOL**

[Brown, B.S.]{.ul}; Wooldridge, S.; Granger, L.; Livingston, F.; Yousef, S. *Pulmonology/CF Center, Nemours Childrens Hospital, Orlando, FL, USA*

The delivery of aerosol medications is one of the cornerstones for CF management. In many of the original drug studies of CF aerosol medications such as Pulmozyme and TOBI, the nebulizer compressor was specifically identified.^1,2^ In the current Medicaid and Health Maintenance Organization (HMO) plans, the nebulizer compressor supplied to the CF patient is determined by the networked durable medical equipment company. The supplier selects a compressor based on lowest cost regardless of the standards established for the Pulmo‐Aide compressor (DeVilbiss, Somerset, Pa.). In previous studies, different nebulizer compressors have shown variation in the delivery of PSI and the maximal available PSI^3^, minimal standards established for the Pulmo‐Aide compressor. The Re‐Education of Airway Clearance (REACT) Quality Improvement Process is an established method to assess airway clearance and adherence in the CF population.^4^ The REACT process to date has not included the evaluation of proper nebulizer function and output.

**Methods:** The REACT program with a nebulizer compressor evaluation tool was examined over a 12‐month period at our four Nemours CF clinics across central Florida with patients aged 11 to 20. The data were collected by the respiratory therapists and analyzed by the medical team.

**Results:** A total of 20 patients were studied for adherence to therapy and for nebulizer compressor function. Only 3 (15%) of the patient were totally adherent with adequate therapy vest settings. Seventeen (85%) of the patients required adjustment to their vest settings, vest garment and/or vest re‐education. Nine (47%) of the patients\' nebulizer compressors (19 evaluated) failed and were replaced due to lack of operating PSI or maximal PSI achieved. The average operating PSI was 29.05 (Normal \>30) with the average operating PSI range from 0 to 45 and the average opening pressure was 9.1 (Normal \>10) with the average opening pressure range from 0 to 20.

**Conclusions:** Despite a small sample size, a significant number of patients were nonadherent or required adjustment of the vest settings. A large number of the patients\' compressors were unable to provide adequate PSI output or unable to handle the higher back pressure associated with some of the nondisposable nebulizer cups. Poor compressor output can result in nontherapeutic aerosol production along with prolonged treatment delivery times. As delivery time increases adherence is likely to decrease. This process can lead to an increased CF exacerbations with an associated decline in baseline lung function.

**References:**

1\. Fuchs HJ, Borowitz DS, Christiansen DH, et al. Effect of aerosolized recombinant human DNase on exacerbations of respiratory symptoms and on pulmonary function in patients with cystic fibrosis. N Engl J Med. 1994;331:637‐42.
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3\. Kesser KC, Geller, DE. New aerosol delivery devices for cystic fibrosis. Respir Care. 2009;54(6):754‐67.

4\. Zanni RL, Sembrano EU, Du DT, Marra B, Bantang R. The impact of re‐education of airway clearance techniques (REACT) on adherence and pulmonary function in patients with cystic fibrosis. BMJ Qual Saf. 2014;23:i50‐i55.
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**IMPROVING NUTRITION IN ADULT CYSTIC FIBROSIS PATIENTS: A QUALITY IMPROVEMENT PROJECT**

[Stamm, J.A.]{.ul} ^1^; Shoff, C.T.^1^; Brosius, H.^1^; Savage, J.^1^; Ritter, B.^1^; McCurley, D.^1^; Roush, L.^1^; Michel, S.^2^ *1. Geisinger Medical Center, Danville, PA, USA* *; 2. Medical University of South Carolina, Charleston, SC, USA*

**Introduction:** Prior research has shown that malnutrition is associated with reduced lung function and increased mortality in adult cystic fibrosis (CF) patients. Maintaining optimal nutrition is an essential part of CF care. Only 50% of our adult CF patients are at their goal BMI and therefore we undertook a quality improvement (QI) project to improve the nutrition status of our adult CF population.

**Methods:** We first secured financial support via a Geisinger QI grant to provide protected time for our CF dietitian. We also benefited from a CF Foundation‐supported QI coach to help launch our project. A multidisciplinary team, including an adult CF patient, was assembled in June 2015 to perform a microsystem assessment (MA) and patient knowledge assessment (KA). Our global aim statement was to improve the percentage of our adult CF patients who are at goal body mass index (BMI) from 50% to 75% by June 2017. We incorporated the results of our MA and KA into an action plan.

**Results:** The MA revealed the clinic\'s BMI data were not accurate as height and weight were not being measured precisely. The first intervention was to re‐educate the nursing staff on accurate anthropometric measurement techniques. A digital stadiometer was installed in the CF clinic. Height measurements were monitored for the next 6 months and variability between clinic visits was recorded with the average difference between visit per patient reduced from 1.75±1.31 to 0.38±0.35 cm. The KA revealed a linear relationship between BMI and CF nutrition knowledge. Patient comments identified nutritional barriers of time and cost of food and/or supplements. The MA was notable for inconsistent provider nutrition recommendations, including use of oral supplements and discussion of feeding tubes. Based on these findings we designed a multi‐faceted 4‐stage CF nutritional algorithm that incorporates patient education and standardizes nutrition interventions based on severity of malnutrition. For each patient the CF dietitian tracks education received, nutrition goals, interventions recommended, and stage on the algorithm. Nutrition status of each patient is discussed in the pre‐clinic multidisciplinary meeting, and we incorporate nutritional information, algorithm interventions, and goals for the next appointment into the CF clinic note template. Educational materials that describe nutritional supplements and financial resources were developed. Over the first 6 months of our nutrition initiative the average BMI of our adult patients has increased from a median of 22.0 to a median of 22.6.

**Conclusion:** Nutrition is an essential component in adult CF care. We targeted measurement, process, and knowledge issues in our CF clinic to improve the nutritional status of our CF patients. We are now collecting reliable BMI data, and our nutrition protocol is starting to address gaps in patient education and ensuring consistent application of nutrition interventions. Our patients\' BMI is improving but we have more work to do to achieve our goal of 75% of patients reaching target BMI by June 2017.

Supported by a Geisinger Health Plan Quality Pilot Fund and the CF Foundation.
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**INCREASING PHYSIOTHERAPIST STAFFING IN A LARGE CYSTIC FIBROSIS CLINIC: WORKFORCE FORECASTING AND EVALUATION**

[Wu, K.]{.ul} ^1,2^; Sykes, J.^1^; Tullis, E.^1,2^ *1. Toronto Adult Cystic Fibrosis Program, St. Michael\'s Hospital, Toronto, ON, Canada* *; 2. University of Toronto, Toronto, ON, Canada*

**Introduction**: The Toronto Adult Cystic Fibrosis Program provides inpatient and ambulatory care for 480 adults with cystic fibrosis (CF). Approximately 200 patients with CF are admitted each year to a 15‐bed inpatient Respirology unit, which can accommodate only 11 inpatients with CF at a time. In the 15 years prior to 2013, the Program saw a 60% increase in the number of patients, yet the staffing for physiotherapist (PT) remained steady at two full‐time equivalents (FTE). The PTs on the CF team have some responsibilities for other pulmonary inpatients and outpatients, as well as cross‐covering PT absences on other clinical units. To improve the quality of care for our patients, in 2013 we developed a model to forecast the number of FTE PT required for the clinic size then. We also applied the same model after we have obtained an additional FTE PT to validate its accuracy.

**Methods**: Data were recorded daily on the number of proposed and observed treatment sessions separately for inpatients with CF and non‐CF, based on our priority matrix (high vs moderate); the numbers of outpatients with CF and non‐CF we saw; and the time we spent on coverage for other clinical units, patient‐care rounds, administrative/teaching/research activities, and overtime. We used these data to estimate the total time PTs were available for patient care and the time spent on each inpatient. We then used the total number of proposed treatment sessions for inpatients with CF and non‐CF and the total time needed for both patient care as well as other duties to forecast the required number of FTE PT. Data were adjusted for the time we spent on covering other clinical units and for the time other PTs covered inpatients on the Respirology unit. Only data from weekdays were included. Public holidays and days with insufficient data were excluded in the calculation. Median (25th‐75th percentile) were tabulated.

**Results**: In 2013, data were collected by two PTs over 10 weeks. Data from 48 days were available for calculation. The number of FTE PT required for the clinic size at that time was forecasted to be 2.4 (2.3‐2.7). The percentage of treatment sessions actually done for inpatients with CF was 91.7% (85.7‐100%) of proposed sessions for those in the high priority category and 33.3% (0‐66.7%) of proposed sessions for those in the moderate priority category. This information was used to advocate for increase funding for PT staffing. After one extra FTE PT was added, data were collected by three PTs over a 21‐week period between 2015 and 2016. Data from 82 days were available for calculation. The same model informed us that we needed 3.1 (2.3‐3.5) FTE PT for the current clinic size. The percentage of treatment sessions performed for inpatients with CF was 100% (90.9‐100%) of proposed sessions for those in the high priority category and 50% (0‐80%) of proposed sessions for those in the moderate priority category.

**Conclusions**: This model effectively estimated the number of FTE PT needed for the increasing size of a large CF clinic. With increased FTE, PT was able to complete a larger percentage of proposed treatment sessions. The model can be used by other clinics to accurately forecast their staffing needs.
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**A TARGETED INTERVENTION IMPROVES INFECTION CONTROL COMPLIANCE ON AN INPATIENT CYSTIC FIBROSIS UNIT**

[McNeal, M.K.]{.ul} ^1^; Johnson, S.^1^; Polineni, D.^2^; Mermis, J.^2^; Adams, V.^1^; Burger, S.^1^ *1. The University of Kansas Hospital, Kansas City, KS, USA* *; 2. The University of Kansas, Kansas City, KS, USA*

**Background:** The Cystic Fibrosis Foundation (CFF) provides clinical care guidelines for infection prevention, with the goal of reducing the risk of transmission and/or acquisition of cystic fibrosis (CF) pathogens (Saiman L, et al. Infect Control Hosp Epidemiol 2014;35(51):51‐567). The University of Kansas Hospital is a CFF‐accredited care center, providing care for 210 adult CF patients with an 18‐bed inpatient unit. Due to an above average prevalence of multidrug‐resistant *Pseudomonas aeruginosa* infection in our adult CF population, we studied real‐time infection control practices, relative to CFF and CDC guidelines, and developed an intervention to improve staff infection‐control compliance.

**Objective:** To assess and improve multidisciplinary staff adherence to current guidelines for the proper use of Personal Protective Equipment (PPE) and use of a "Safe Zone" (2.5‐square foot area within a patient\'s room door) in the care of CF inpatients.

**Methods**: A quality improvement initiative was developed using the plan‐do‐study‐act (PDSA) cycle to assess PPE and Safe Zone compliance. Seventy one‐hour audits were conducted during day and night shifts over one week each on a CF inpatient unit. Audits were conducted pre‐ and post‐intervention; staff members were not informed when audits were being conducted. Data from the pre‐intervention audit informed the development of the interventional procedures. The intervention consisted of: educational materials (i.e., infection control brochures for patients with CF, a patient education board, door signs related to infection control, and an infection control in‐service video for unit staff). Additionally, "Safe Zone" decals were applied to the floor of each room according to institutional standards for infection control. Unit staff members were mandated to complete the educational program and sign a compliance contract. A post‐intervention audit was performed 2 weeks following the intervention to determine if PPE and Safe Zone compliance had improved.

**Results:** The pre‐intervention audit included 879 observations with 194 incidents of improper PPE and Safe Zone use by hospital staff (77.9% compliance). One hundred percent of unit staff completed the educational component of the intervention (n=50). The post‐intervention audit included 573 observations with 42 instances of improper PPE and Safe Zone use (92.7% compliance). When analyzed by professional disciplines, nursing compliance improved from 79% to 92%, dietary staff improved from 75 to 93%, and non‐dietary/non‐nursing staff ("other") improved from 75% to 95% compliance. Chi‐squared test for differences of proportions showed statistically significant improvement within each group noted above (p\<1.1x10^‐7^; p\<0.012; p\<8.0x10^‐6^, respectively).

**Conclusions:** This study provided baseline knowledge of infection control compliance in an inpatient CF care center. Implementing Safe Zone decals, patient education, and hospital staff education improved PPE and Safe Zone use adherence to greater than 90% in all disciplinary groups studied. Our interventions are feasible in most care facilities and can be implemented to improve adherence to infection control measures widely.
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**INCREASING USE OF NEBULIZED HYPERTONIC SALINE IN ADULT CYSTIC FIBROSIS PATIENTS 18 YEARS AND OLDER**

[Carden, J.]{.ul}; Antony, V. *Pulmonary and Critical Care, UAB, Birmingham, AL, USA*

**Background:** The UAB Adult Cystic Fibrosis (CF) Program started in 2000. In July 2011 the Adult CF Program was reorganized to improve adherence to the Cystic Fibrosis Foundation\'s (CFF) guidelines. Since then the care team has annually reviewed the CFF Year End Center Report, which is generated from the Port CF Database, to identify areas for improvement. In the summer of 2015 the team reviewed the 2014 Year End Report and found that 67.9% of patients 18 years and older were receiving hypertonic saline as compared to 92.5% of patients at the top 10 care centers. Daily use of inhaled hypertonic saline is recommended by the CFF guidelines. We initiated a quality improvement (QI) study to increase hypertonic saline use to rates comparable to those of the top 10 care centers.

**Purpose:** The purpose of this quality improvement project is three‐fold: first, to increase awareness of CFF Care Guidelines related to hypertonic saline usage; second, to determine if the usage rates in Port CF are an accurate reflection of the patient population; third, to evaluate each patient that is not currently on hypertonic saline and determine if the therapy should be added.

**Methods:** The clinical coordinator initiated a chart review of each patient that was scheduled for a clinic visit in the fall quarter of 2015 and flagged those patients without hypertonic saline in their medication list. During the CF Care Conference, the CF care team evaluated flagged patients for hypertonic saline indication. If the patient was a good candidate, then a test dose of 7% hypertonic saline was administered in clinic. If it was tolerated then the prescription was generated. If it was not tolerated then the patient was given a 3% test dose. If the patient did not tolerate 3% or refused the therapy, a note was made in their chart.

**Results:** A chart review of 133 patients was performed during the fall quarter of 2015. Before any intervention, 93 patients (69.9%) were on hypertonic saline and 40 patients (30.1%) were not. This demonstrated that the data in Port CF are reflective of our patient population, as Port CF showed 67.9% of patients were on hypertonic saline. The 40 patients that were not on hypertonic saline were evaluated in clinic; eight (20%) were started on 7% hypertonic saline, 15 (37.5%) were started on 3% hypertonic saline, 10 (25%) reported they did not tolerate 3% or 7% hypertonic saline, and seven (17.5%) refused therapy. After the intervention 116 patients (87.2%) were on hypertonic saline.

**Conclusion and Future Direction:** Our QI‐based intervention increased the number of patients on hypertonic saline from 69.9% to 87.2% in three months. The Center is now within five points of the top 10 care centers in the country for this metric. These improvements will be maintained long‐term as it is now standard of practice for the Adult CF Team to review the medication list at each clinic visit and determine if the appropriate therapies, including hypertonic saline, have been prescribed.
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**PILOT FOR ASSESSMENT OF HIGH FREQUENCY CHEST WALL OSCILLATION (HFCWO) DEVICE IN CLINIC**

[Gamble, S.]{.ul} ^1^; Mims, C.^1^; Britton, L.J.^1^; Hoover, W.^1,2^ *1. Children\'s of Alabama, Birmingham, AL, USA* *; 2. Pediatric Pulmonary, University of Alabama at Birmingham, Birmingham, AL, USA*

**Background**: The Children\'s of Alabama/University of Alabama at Birmingham (COA/UAB) Pediatric CF Center utilizes equipment review to assess patient and family competence. This information is used to direct teaching or equipment changes for the patient and family to improve. The high frequency chest wall oscillation (HFCWO) devices are part of our CF population\'s lung health routine. The HFCWO devices have historically been discussed and reviewed in conversation without the actual device in the clinic setting. However, proper function and fit of the machine and actual vest garment are crucial for effective treatments. During a 3‐month period in 2015 a pilot group of patients/parents were asked to bring their home HFCWO devices to clinic. Troubleshooting and adjustments were made to customize and improve HFCWO for patients\' home use.

**Objective**: To measure satisfaction of hands‐on review and improve proper home use of the HFCWO devices.

**Methods**: A respiratory therapist (RT) made contact with patients/parents via phone in which they were asked to bring their HFCWO devices to clinic for review and adjustments. This request was made 24 hours to 7 days before the appointment. There were 45 total patients involved in the pilot. During the clinic visit sizing of the garment was assessed, setting changes were made, and overall equipment review was completed. A satisfaction survey was given to the parents/patients to complete on the same day as the equipment review.

**Results**: Of the 45 total patients involved in the pilot, 22 brought in their device and received adjustments to HFCWO settings for more personalized therapy. 14/22 (64%) needed new equipment due to damage to tubing, inoperable device, or improper garment size. Only 2/22 had no adjustments needed. 12/22 satisfaction surveys were completed at the time of HFCWO assessment. Among the responses 100% answered that the HFCWO device review was helpful and they would likely bring in their device to clinic for a yearly review.

**Conclusion**: A significant number of patients/parents agreed to bring in their HFCWO device to clinic for review and evaluation. 91% of the devices assessed needed changes or adjustments. The device assessment in clinic was found to be not only beneficial for the parents/patients but also for the CF team to provide better standards of care. Based on the success of the project, our center has implemented annual HFCWO device review along with physical assessment of other respiratory equipment that is used in the home setting.
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**PATIENT AND PROVIDER EVALUATION OF BEST PRACTICES IN A CYSTIC FIBROSIS TRANSITION PROGRAM**

[Crowley, E.]{.ul} ^1^; Yeley, J.^2^; Korn, K.^3^; Howenstine, M.^3^; Brown, C.D.^1,2^ *1. Pulmonary, Critical Care, Occupational and Sleep Medicine, Indiana University, Indianapolis, IN, USA* *; 2. Indiana University Health, Indianapolis, IN, USA* *; 3. Pulmonary, Riley Hospital for Children, Indianapolis, IN, USA*

**Objective:** The Adult Cystic Fibrosis (CF) Center at Indiana University has an active quality improvement initiative to develop a transition program based on best practices. Our goal was to identify barriers to effective transition to improve patient outcomes and experiences.

**Methods:** An anonymous survey was administered electronically to members of the pediatric and adult CF care teams. This survey evaluated the caregivers\' attitudes toward best practices in transitioning care. Patients who had transferred care from the Pediatric to Adult CF Program at Indiana University between 2013 and 2015 were also surveyed regarding 16 components of the transition program, as well as 7 impressions, pre‐and post‐transfer, of the adult team. Ratings were done with a Likert scale from 1 to 5 (1, strongly disagree; 5, strongly agree). SPSS (version 23, Chicago, SPSS Inc.) was used to analyze the data.

**Results:** The patient response rate was 51% (32/63), pediatric providers 64% (18/28), and adult providers 83% (10/12). Overall, patients were least likely to feel as though their providers discussed transition prior to the age of 18 (2.72 ± 1.46), although most agreed that the pediatric team did discuss transition once the age of transition was reached (4.47 ± 0.88). The question "My pediatric team provided education regarding the transition process to me and my family" had statistically significant variance (p = 0.05) based on age at transition. There were several areas of statistical significance comparing feelings about the adult health care team before and after transfer of care (see Figure). Pediatric providers felt least strongly about using charting flow sheets or readiness assessments during patient encounters (1.92 ± 1.11 and 1.92 ± 0.76, respectively). They did feel, however, that an initial meeting for introduction of the adult team was helpful (4.00 ± 1.04). The adult care team agreed that the use of readiness assessments to address needs and goals in self‐care were less likely to be completed (2.25 ± 1.26).

**Conclusion:** These data highlight areas for improvement for our program that include addressing transition prior to age 18 and providing more consistent education about the transition process. It appears that young adults have concerns about the adult program that improve after transfer. While generalizability of this single‐center data is limited by a small sample size, the information provides a starting point to implement changes for improvement.
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**A STRATEGY TO IMPROVE ORAL GLUCOSE TOLERANCE TEST SCREENING COMPLIANCE IN ADULT PATIENTS WITH CYSTIC FIBROSIS**

[Bielick, C.]{.ul} ^1^; Waitkevich, D.^2^; Fish, D.^2^ *1. Division of Pulmonary, Allergy & Critical Care Medicine, University of Massachusetts, Worcester, MA, USA* *; 2. University of Massachusetts, Worcester, MD, USA*

**Introduction:** Cystic fibrosis‐related diabetes (CFRD) is the most common comorbidity in patients with CF. As survival increases, the incidence of CFRD will likely correspondingly increase. It is associated with added mortality; however several small studies have demonstrated improvement in lung function and BMI with insulin therapy. The oral glucose tolerance test (OGTT) is the standard of care for screening, however it is associated with a historically low rate of patient compliance. Emerging literature has suggested that detection and treatment of postprandial hyperglycemia, diagnosed by a 1‐hour glucose challenge test (GCT), may be beneficial, however overall research is limited.

**Objectives:** Our center\'s OGTT completion rate for adults in 2013 was well below the national average, at 4%. Root cause analysis suggested that this very low rate was related to patients forgetting to fast, inconvenience of the test itself, and lack of patient understanding of importance of the test. A recent systematic review suggested that a 1‐hour GCT may be a more sensitive screening test for CFRD (Waugh N, et al. Health Technol Assess. 2012;16:1‐179). The objective of this quality improvement initiative was to implement an algorithm comprising patient education, a reminder system, as well as compressing the OGTT to a GCT with a shorter fasting period, to improve compliance rates in adults with CF. This would also have the benefit of detecting postprandial hyperglycemia, a possible precursor state to CFRD.

**Methods:** The University of Massachusetts Center for Cystic Fibrosis has 34 patients age 18 and greater, with CF without CFRD. At each of their quarterly visits they were assessed for need for CFRD screening, and educated by their physician on the importance of the testing. They were contacted the night prior to their next visit by the pulmonary fellow, screened for any acute illness that would preclude testing, and reminded of the test and to remain nothing by mouth (NPO) for four hours prior. Additionally, they were given the option to come for the GCT on a morning prior to their visit or to a separate testing facility if it were more convenient. When the fasting patient presented to clinic, a fingerstick glucose was measured. If this value was \>108 mg/dL, the patient was referred for a formal OGTT. Otherwise, the patient then consumed 50g of oral glucose solution, and a one‐hour post value was obtained. If this value was \<140mg/dL, no further testing was performed. If the value was ≥140 mg/dL, the patient was asked to return for a full 2‐hour OGTT with a 12‐hour NPO period.

**Results:** The 2015 completion rate increased from 4% in 2013, to 23.5% with the quality improvement intervention. Two of the GCTs did suggest previously unrecognized CFRD and patients were referred to endocrinology for further testing and treatment.

**Conclusions:** The combination of patient education, compressing the test to a GCT with referral for OGTT if results were abnormal, and instituting a patient reminder system moderately increased screening compliance. There remains room for significant improvement, and further root cause analysis is ongoing to increase screening to more optimal levels.
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**IMPROVING DIAGNOSIS AND MANAGEMENT OF DIABETES IN ADULT CYSTIC FIBROSIS PATIENTS: A QUALITY IMPROVEMENT PROJECT**

[Shoff, C.T.]{.ul} ^1^; Stamm, J.A.^1^; Brosius, H.^1^; Kennedy, J.W.^2^; Umholtz, B.^1^ *1. Thoracic Medicine, Geisinger Medical Center, Danville, PA, USA* *; 2. Endocrinology, Geisinger Medical Center, Danville, PA, USA*

**Introduction:** Cystic fibrosis‐related diabetes (CFRD) is the most common comorbidity of cystic fibrosis (CF), with prevalence that exceeds 40% in CF adults. It negatively impacts nutritional status, lung function, and mortality. CF Foundation Care Guidelines recommend annual screening with a 2‐hour oral glucose tolerance test (OGTT). Our OGTT screening rates were below the national average in our adult CF patients and there was no process in place to allow timely Endocrine evaluation of CFRD patients. We initiated a Quality Improvement (QI) project to further improve the diagnosis and management of CFRD at our center.

**Methods:** We developed a formal multidisciplinary CFRD QI program in early 2013, including adult CF and Endocrine clinicians and an adult CF patient with CFRD. Our goal was to improve screening rates with OGTT, facilitate timely referral to Endocrine providers for CFRD management, and systematically monitor screening for microvascular complications of CFRD. We targeted a goal of at least yearly Endocrine visits for all CFRD patients.

In order to increase adherence with annual screening OGTT, we arranged for patients to have testing done at our facility, typically in coordination with the CF clinic visit. We educated our patients about CFRD screening in advance and placed reminder calls to patients prior to scheduled visits. Once CFRD was diagnosed, we enhanced our process for timely Endocrine referrals and follow‐up visits by sending electronic messages to the Endocrine clinic schedulers. We coordinated CF and Endocrine physician appointment dates when possible. Furthermore, Endocrine clinic diabetic educators often had same day availability to meet with patients in need of optimization of CFRD management or teaching. We improved microvascular screening by incorporating assessment for CFRD complications into our CF clinic template note and reviewed this during pre‐clinic multidisciplinary meetings.

**Results:** Our baseline OGTT screening rate was 11‐46% (2011‐2012). After implementing our QI project our OGTT screening rate increased to 60% (2013) and then again to 88% (2014); it remained at 86% in 2015. During this past year 70% of our adult CFRD patients were evaluated by an Endocrine clinician. Our median hemoglobin A1C improved from 6.4% in 2013 to 6.2% in 2014; it was estimated at 5.8% in 2015. Our median BMI increased from 21.6 kg/m^2^ in 2013 to 22.4 kg/m^2^ in 2014, and remained stable in 2015. Our adult CF clinic note template now includes microvascular screening, prompting providers to order labs or referrals if deficiencies are noted during visits.

**Conclusion:** Our Adult CF center\'s OGTT screening rate has improved dramatically and our patients now have increased accessibility to Endocrine clinicians and diabetic education. This is reflected in our decreasing A1C measurements and improving nutritional status. Most of our adult CFRD patients have seen an Endocrine provider at least once this past year, and we anticipate further success with continued collaborative efforts. We have standardized our approach to monitoring CFRD complications. In the coming years we will strive to maintain an OGTT screening rate of 90% and an A1C \< 7%.
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**TELEHEALTH INCREASES CLINIC ATTENDANCE AND HAS HIGH SATISFACTION AMONGST ADULTS WITH CYSTIC FIBROSIS LIVING IN RURAL AND REMOTE WESTERN AUSTRALIA**

[Wood, J.]{.ul} ^1,2,3^; Hill, K.^2,3^; Mulrennan, S.^3,4^; Morey, S.^3,4^; Cecins, N.^1^; Jenkins, S.^1,2,3^ *1. Physiotherapy Department, Sir Charles Gairdner Hospital, Perth, WA, Australia* *; 2. School of Physiotherapy and Exercise Science, Curtin University, Perth, WA, Australia* *; 3. Institute for Respiratory Health, Perth, WA, Australia* *; 4. Department of Respiratory Medicine, Sir Charles Gairdner Hospital, Perth, WA, Australia*

**Introduction:** Sir Charles Gairdner Hospital in Perth is the only adult cystic fibrosis (CF) centre within the 1.64 million square mile state of Western Australia. Of the 190 adults with CF who attend the centre, approximately 15% live in rural and remote areas. Due to the financial and travel burden associated with the long distances to the centre, these adults find it difficult to regularly access specialist care. We viewed telehealth as a potential solution to this problem.

**Aims:** To evaluate the uptake of telehealth clinics as part of routine outpatient care, and the impact on clinic attendance, satisfaction and other health outcomes including healthcare utilization (HCU), spirometry, weight and health‐related quality of life (HRQoL).

**Methods:** Over a 12‐month period, participants were offered clinics with the adult CF team in Perth, via telehealth technology at their local hospital. In‐person clinics were still offered at the CF centre at the participant\'s request or if clinically indicated. The number of clinic visits and HCU data were collected for the 12‐month period preceding recruitment and at the end of the intervention period. Participant satisfaction was assessed on study completion via the Telehealth Satisfaction Scale (TeSS) and a purpose‐developed satisfaction survey. Spirometry, weight and Cystic Fibrosis Questionnaire -- Revised (CFQ‐R) data were collected at each visit.

**Results:** Twenty‐three adults with CF (14 female, aged \[mean±SD\] 31±10 y, FEV~1~ 60±20 % predicted) who lived a median (range) of 259 (62 to 1,595) miles from the CF centre in Perth were recruited. The intervention was completed by 21 participants. Total clinic visits increased from 46 (median \[range\] per participant 2 \[0 to 6\]) in the 12‐month period preceding the study to 100 (5 \[2 to 8\] p\<0.001) during the intervention, with 66 clinics delivered via telehealth. Of the 34 "in‐person" clinics at the CF centre, 19 (56%) were deemed clinically indicated by the CF team. The median score across all TeSS items was 4 (i.e. "excellent"). Most (94%) participants agreed that telehealth clinics are a good way to manage CF care. During the intervention, intravenous antibiotic days (incident rate ratio \[IRR\] 2.3, p=0.03) and hospital admission days (IRR 3.7, p=0.01) increased and there was improvement in the vitality domain of the CFQ‐R (p=0.035). No other changes were observed.

**Conclusion:** Clinic attendance increased amongst adults with CF living in rural and remote Western Australia to meet recommended standards of care (≥4 clinic visits per year). Satisfaction with telehealth was high amongst participants. The increase in HCU reflects the increased surveillance of participants and subsequent detection of exacerbations. The increased treatment of exacerbations may reduce the long‐term rate of decline in lung function and improve HRQoL in this population.

**Grant Support:** Institute for Respiratory Health Glenn Brown Memorial Grant.
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**RETREAT BETWEEN THE PEDIATRIC AND ADULT TEAMS LEADS TO SUSTAINABLE IMPROVEMENTS**

[Self, S.]{.ul} ^1^; Carden, J.^3^; Lauderdale, S.^2^; Mims, C.^2^; Thomas, L.K.^2^; Troxler, B.^1^; Clark, M.^3^; Smith, T.^3^; Antony, V.^3^ *1. Pediatric Pulmonary, University of Alabama at Birmingham, Birmingham, AL, USA* *; 2. Pulmonary, Children\'s of Alabama, Birmingham, AL, USA* *; 3. Adult CF Center, University of Alabama at Birmingham, Birmingham, AL, USA*

**Background:** In 2000, the Children\'s of AL (CoA) CF Center partnered with the University of AL at Birmingham (UAB) adult pulmonary team to start an adult center and transition program. The program evolved and included workgroup (WG) meetings between adult and pediatric (peds) teams, patient tours of the adult facility, and a transition clinic. Now the UAB/CoA CF center follows 128 patients ages 18‐29 years with a median FEV1% of 71.8 and median BMI of 23.

**Methods:** In 2014 the team revisited transition efforts with the goal of becoming more unified as a CF center. This started with a retreat in the fall of 2014 and focused on collaborative QI work. The retreat was jointly planned and well attended by all disciplines. Following the retreat, the WG expanded and began meeting monthly in order to rapidly implement change ideas and a shared drive was established to house improvement work. Patient and staff satisfaction surveys were administered and transition outcomes were tracked over time.

**Results:** After the retreat, the team established a purpose statement and co‐produced a list of transition expectations with patients and caregivers. Patient satisfaction survey results indicate satisfaction with preparation for transition and the care they receive at the adult center. Concerns include infection control, staying healthy through transition, being treated with respect and establishing a trusting relationship with the adult team. Staff knowledge and satisfaction surveys show adequate knowledge of transition and 100% agreement that the process is better than 12 months ago. Overarching theme from staff recommendations includes continued collaboration between the adult and peds teams. Since 2014, 8 young adults have transitioned. The mean time between the last peds visit and first adult visit is 98 days (range 51‐198). The mean FEV1% for this group at last peds visit was 68% and the mean BMI was 21.8. 50% of this group received a tour of the adult facility prior to transition. Improvements that are now standard practice include: annual joint retreat and education day, monthly transition WG meeting, annual in‐service for peds inpatient staff, visit from adult team member in peds clinic or during hospital stay before transition, tracking of transition outcomes, and development of educational tools such as a flyer highlighting similarities and differences between the two centers.

**Conclusions:** A joint retreat between the adult and peds teams facilitates a collaborative approach to generate QI goals. Monthly WG meeting helps the team maintain momentum with QI work. Receiving feedback from patients, caregivers and staff about the transition process helps to ensure the focus of QI work includes things important to consumers. Our next steps include: development of a transition checklist, administration of a satisfaction survey to patients 6‐12 months after transition, and provision of an information packet to patients from the state Title V program outlining benefit changes that occur at transition.
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**COPRODUCING CF CARE: RAPID TESTS OF CHANGE**

[Savant, A.P.]{.ul} ^1^; Laguna, T.A.^2^; Dunitz, J.M.^3^; Prickett, M.^4^; Brady, C.^7^; Van Citters, A.^5^; Sabadosa, K.^5^; Marshall, B.^6^; Nelson, E.^5^ *1. Ann & Robert H. Lurie Children\'s Hospital of Chicago, Chicago, IL, USA* *; 2. Univ of Minnesota, Minneapolis, MN, USA* *; 3. Univ of Minnesota, Minneapolis, MN, USA* *; 4. Northwestern Univ, Chicago, IL, USA* *; 5. Dartmouth Institute, Lebanon, NH, USA* *; 6. Cystic Fibrosis Foundation, Bethesda, MD, USA* *; 7. Children\'s Respiratory & Critical Care Specialists, Minneapolis, MN, USA*

**Introduction:** Coproduction of healthcare services engages the patient and provider to contribute to the design and execution of services, yet little is known about tools to facilitate coproduction. Coproduction increases the focus on patient‐centered goals, potentially improving engagement in self‐care. A human‐centered design process created a prototype electronic coproduction dashboard, with the aim of providing real time data to measure goal progress, treatment effects and providing bi‐directional communication. The feasibility, utility and value of the dashboard was explored to identify opportunities to improve coproduction.

**Methods:** Five CF centers (2 adult, 3 pediatric) pilot tested a dashboard prototype via Plan‐Do‐Study‐Act (PDSA) cycles. Feedback addressed process of care, data elements, creating dialogue for coproduction, strengths and areas for improvement. Providers and patients/parents provided feedback via a survey, site level and multi‐site discussions.

**Results:** The survey was completed by 12 CF patients (parents of children age 0‐12, adults age 18‐49) and 11 providers. Four monthly multi‐site discussions captured site feedback. Patients (67% \[8/12\]), but not providers (36% \[4/11\]) had a very good/excellent impression of the dashboard. Agreement between providers and patients was found in regards to usefulness (patients: 92% \[11/12\]; providers: 91% \[10/11\]) and working together to make decisions (patients: 67% \[8/12\]; providers: 73% \[8/11\]). Providers were more likely to agree/strongly agree that the dashboard helped discuss what mattered most to patients (providers: 91% \[10/11\]; patients: 75% \[9/12\]). Patients commented that the dashboard empowered pre‐visit planning and development of an agenda driven by their goals/concerns, allowing for deeper evaluation and questions during clinic. The ability to trend health metrics side‐by‐side coupled with ongoing tracking, goals, reminders, and after‐visit summary were also positives. Areas for improvement from patients/parents included confusing wording and potential disruptions in authentic conversation. Provider positives included strengths in preparation for visit, adding structure, focusing on patient concerns, usefulness of sharing graphs for FEV1 and BMI and streamlining clinic flow. Concerns from the provider perspective included adding clinician agenda, time for explanation, duplication of EMR and CFF Patient Registry reports, graphs that include more than simple trends, refinement of goal setting/action plan wording, and desire for alerts/notifications to assist with future planning.

**Conclusions:** Frequent testing identified feasibility and utility of a dashboard for enabling coproduction. Areas for improvement were addressed through rapid PDSA cycle methods. Pilot testing prepared the dashboard for IT enablement and prepared sites for testing a high‐tech version.

**Acknowledgments:** Supported by Robert Wood Johnson Foundation (Grants \#71211 & 72313) and CFF (Grant \#OCONNO04Q10).
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**INFECTION CONTROL BELIEFS AND PRACTICES AMONG ADULT PATIENTS WITH CYSTIC FIBROSIS AT THE UNIVERSITY OF KANSAS MEDICAL CENTER (KUMC)**

[Easley, T.C.]{.ul}; Scott, K.; Bulcock, J.; Schuessler, B.; Satterwhite, C.L.; Mermis, J.; Polineni, D. *Univ. of Kansas Medical Center, Kansas City, KS, USA*

**Importance:** The Cystic Fibrosis Foundation (CFF) has developed infection control (IC) guidelines that pertain to both healthcare professionals and patients, to reduce the spread of infection. CF patients\' knowledge and perceptions of these IC guidelines contribute to adherence of the same, both inside and outside of the hospital.

**Objective:** To characterize patient knowledge, attitudes, and beliefs around IC practices associated with CF care at a tertiary care medical center (KUMC).

**Methods:** We conducted voluntary, semi‐structured interviews in a convenience sample of patients with CF. The sample included all adult patients with CF admitted to the KUMC CF inpatient unit during a one‐week study period. Surveys containing 17 qualitative and quantitative questions were administered. Survey questions focused on knowledge, source of knowledge, provider and self‐reported patient‐adherence to IC guidelines. Demographic data for each patient interviewed were collected from the medical record. Qualitative data were transcribed and coded for common themes.

**Results:** 18 of 19 eligible patients participated, yielding a 95% response rate. 75% of subjects stated they had received and understood education on CF IC practices, primarily from healthcare providers. The most important aspects of IC as perceived by patients were hand hygiene, avoiding contact with other patients with CF, and use of personal protective equipment by staff. 60.9% of patients felt healthcare providers and staff were primarily responsible for IC, while 26.1% identified themselves as most responsible. Participants reported a significant difference in hospital staff adherence to guidelines when measured by role of staff member (e.g. nursing vs dietary staff), and a complementary investigation of IC practices showed supporting objective evidence for these observations (unpublished data). Assessment of patients\' adherence to IC guidelines revealed 75% of patients self‐reported always adhering to infection control guidelines in the hospital, CF clinic, or other medical settings, while 37% of patients reported adherence at home, and 33% reported adherence in public places. Face‐to‐face contact between persons with CF was avoided by 83.3% of participants (who reported having rare or no contact in the inpatient or outpatient setting). Some patients (11.1%) cited living with a person with CF; the remaining 5.6% reported volitional occasional contact with others with CF.

**Conclusion:** In general, patients with CF received and understood education regarding IC practices, identified and agreed on the most important aspects of IC, and reported good adherence with IC practices in the hospital and CF outpatient clinic. Most patients received their IC education from healthcare staff, although many were unaware that the information provided was obtained from specific CFF guidelines. These findings underscore the importance of engaging patients and their families in regular discussions about IC. Reasons for volitional contact with others who have CF may relate to psychosocial needs, and should be further studied. Our study was limited by convenience sampling, and future investigation in a validation cohort should be considered.
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**DEVELOPMENT OF A MULTI‐DISCIPLINARY HAND‐OFF TOOL TO IMPROVE THE TRANSITION OF CYSTIC FIBROSIS PATIENTS FROM PEDIATRIC TO ADULT CARE**

[Metcalf, A.]{.ul} ^1^; Mathes, R.^2^ *1. East Tennessee Children\'s Hospital, Knoxville, TN, USA* *; 2. University of Tennessee Medical Center, Knoxville, TN, USA*

**Background**: In 2014, East Tennessee Children\'s Hospital (ETCH) and University of Tennessee Medical Center (UTMC) became one of eight teams in the OneCF Learning and Leadership Collaborative (LLC). This OneCF team evaluated current processes throughout the lifespan of a CF patient in East Tennessee to identify opportunities to improve transition from pediatric to adult care. The first action was to hold the graduating patient accountable for making his or her appointment with the adult clinic. At the patient\'s last pediatric appointment, he or she is asked to make their first adult appointment and provide the date and time before discharge. This solved two problems by decreasing the amount of time that patients go without CF care and providing a definitive end date for pediatric care. Next, the OneCF team began to concentrate on communication between the pediatric and adult teams. Although the two teams met semi‐annually and medical records were faxed, patients were not discussed among the team members.

**Aim:** To improve the consistency and quality of communication between the pediatric and adult CF teams while providing seamless transfer of care.

**Methods:** Through the LLC, the team systematically addressed the communication issues, specifically at the time of transfer from the pediatric to the adult program. The first step was the addition of patient reports to the agenda of a center meeting. The pediatric coordinator and team provide a summary of each graduating patient; the adult coordinator provides updates on the patients who transferred the year prior. A hand‐off tool was developed using the Plan, Do, Study, Act quality improvement method. *Plan*: A template was created to include information that is valuable to each discipline when caring for a new patient. *Do*: The one‐page document includes six boxes for information: Nursing, Respiratory Care, Physical Therapy, Social Work, Nutrition, and Other. It serves as a summary page and is sent with each patient\'s medical record. *Study*: A Data Collection Plan Worksheet was used to develop a survey to evaluate its effectiveness. Each fall, the adult team answers: 1) On a scale from 0 -- 4, with 0 being not at all helpful and 4 being extremely helpful, how helpful was the information provided for the newly transitioned ETCH patient? 2) If you did not feel fully prepared to care for the patient, what additional information would have been helpful? *Act*: The tool will continued to be modified based upon the surveys\' results. This multi‐disciplinary patient summary is now an expected element of the transfer record.

**Results:** The multi‐disciplinary hand‐off tool accompanied the medical record for patients transferring from ETCH to UTMC; 80% in 2014 and 100% in 2015. The primary goal was to provide essential information for the adult team to care for these patients. In 2015, 5 patients were transitioned to the adult team. A total of 29 surveys from the adult team were returned evaluating the information provided in the tool: 27 surveys rated the information Extremely Helpful and 2, Very Helpful for a total score of 3.9/4. Suggestions to improve the tool include the addition of age, height/weight, and clinical trial participation.
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**ANTIBIOTIC DOSING CALCULATOR FOR CYSTIC FIBROSIS**

[Thomas, R.G.]{.ul}; Chmiel, J. *Pediatric Pulmonology, Rainbow Babies and Children\'s Hospital, Cleveland, OH, USA*

**Introduction:** Airway infection remains an important contributor to cystic fibrosis (CF) lung disease. Antibiotic therapy has contributed significantly to increased survival in CF. However, CF patients generally require higher dosing than those without CF because of differences in organism minimum inhibitory concentration, antibiotic airway penetration, and altered medication pharmacokinetics secondary to their CF. This can make dosing of antibiotics difficult and time consuming. We created the CF antibiotic dosing calculator (CFADC) with the goal of making dosing faster and easier for this patient population.

**Methods:** The CFADC is an Excel file, saved to the shared computer drive for the pediatric pulmonary department. The calculator contains four pages for IV and oral dosing for adults and children respectively. For children, the calculator functions by inputting their weight. It then calculates a recommended dose and a dosing range based on published recommendations for CF antibiotic dosing. Maximum dosing is capped at the maximum daily dose and the maximum weight that can be entered is capped at 50kg. For ease of oral dosing the CFADC additionally recommends rounded doses for both tablet and oral solution within the calculated dosing range. For IV dosing the calculator rounds the dose to the nearest vial size to minimize wasted medication. The CFADC was put in use for 6 months then an anonymous survey was given to the pulmonary physicians and CF center staff. The providers were asked to estimate the time it took them to dose the antibiotics with and without the calculator. They were also asked to rank the ease of deciding a dose and their confidence in that dose on a scale of one to ten, with ten representing the easiest and most confident, with and without the calculator. Responses were collected and analyzed using a two‐tailed t‐test.

**Results:** The survey was completed by 9 providers. One provider failed to answer questions regarding ease of use or confidence in dosing. The time to calculate the dose decreased by 3.06 minutes (p=0.006). We also showed a trend towards increased ease and confidence of dosing. Only one provider felt the ease of dosing and their confidence decreased (Table).

**Conclusion:** The CFADC decreased the time to dose antibiotics in children with CF. We also showed a trend towards improving the ease of dosing the medications and provider confidence in the dosing. The calculator could have the additional benefit of decreasing dosing errors improving adherence to recommended dosing, and creating more uniform dosing among providers at our center, however this was not studied at this time. Further improvement could be made to ease of dosing by creating an application providers could download to their phones. The CFADC has the potential to create easier, safer and more consistent dosing in patients with CF.
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Provider mean dosing time in minutes. Provider mean dosing confidence and ease of dosing on a scale from 1 to 10 with 10 representing the easiest and most confident.
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**THREE‐MONTH APPOINTMENT CALL‐BACKS: QUALITY IMPROVEMENT IN PATIENT SATISFACTION**

[Sathe, M.N.]{.ul} ^1,2^; Sharma, P.B.^1,3^; Varghese, P.A.^1^; Estrada, D.^1^; Miranda, D.^1^; Castanon, V.^1^ *1. Cystic Fibrosis, Children\'s Medical Center of Dallas, Carrollton, TX, USA* *; 2. Gastroenterology, UT Southwestern, Dallas, TX, USA* *; 3. Pulmonology, UT Southwestern, Dallas, TX, USA*

**Background:** Patient satisfaction continues as a main component in health care delivery. It is vital to each clinic visit and serves as a marker of the quality of care delivered. It also highlights areas of care that need improvement. In order to better serve patients with cystic fibrosis, the pediatric center at Children\'s Health distributed a clinic‐specific patient satisfaction survey from March to May of 2015. Results of this survey were analyzed and an area that was suboptimal was the ability to easily schedule quarterly appointments. The CF Foundation\'s (CFF) clinical care guidelines recommend that people ages 6 and older visit their care centers at least four times a year. In order to comply with CFF recommendations and increase patient satisfaction in this area, it was imperative to implement proactive scheduling that could be done with minimal patient or caregiver burden.

**Methods:** Our quality improvement (QI) project focused on obtaining an EMR‐generated report from January 2015 to July 2015 and again from July 2015 to January 2016. The report tracked the number of CF patients seen in clinic during that time period and the number without a scheduled follow‐up appointment. These reports were utilized by the schedulers to call and schedule patients for quarterly visits. Based on these reports and concurrent patient satisfaction surveys conducted by Children\'s Health, it was determined that the schedulers should enter the patient rooms during clinic visits and schedule an appointment prior to discharge to assure that follow‐up could be made in a timely fashion.

**Results:** Initial January 2015‐ July 2015 report demonstrated that of 209 different patients seen, 49 or 23.4% did not have scheduled follow‐up appointments. The second report run from July 2015‐ January 2016 showed that of 214 different patients seen, 61 or 28.5% left without a follow‐up appointment. Even though the second quarter percentage increased, there was positive change noted with the patient satisfaction results. In the 1st quarter of 2015 the Children\'s Health score for patient satisfaction regarding obtaining appointments was reported at 66% and by the 4th quarter of 2015 satisfaction increased to 100%. Patient satisfaction increased due to appointments being made prior to clinic discharge and because schedulers were proactively calling families. In situations where appointments were not promptly scheduled, patient satisfaction still improved because families were given explanation and assurance for a quick resolution. Reasons for delay were often unopened physician templates or attempts to coordinate care between providers from different disciplines.

**Conclusion:** This QI project identified a need in clinic to reduce the number of families that leave clinic without scheduling appointments. We are attempting to reduce this burden by scheduling in the room prior to discharge and if needed, having schedulers call soon after visit. Moving forward, monthly monitoring of unscheduled appointments will be completed to decrease the number of patients who are not seen on a quarterly basis.

**539** **▴**

**NEWBORN SCREEN INITIATIVE: A SCREENING IMPROVEMENT PROJECT**

[Sathe, M.N.]{.ul} ^1^; Sharma, P.B.^2^; Varghese, P.A.^3^ *1. Pediatric GI and Nutrition, UTSW/Children\'s Health, Dallas, TX, USA* *; 2. Pediatric Pulmonology, UTSW/Children\'s Health, Dallas, TX, USA* *; 3. Children\'s Health, Dallas, TX, USA*

**Background:** Early screening, diagnosis and treatment of cystic fibrosis (CF) is critical to the successful management of patients with cystic fibrosis. Currently all 50 states screen for cystic fibrosis on the newborn screen. In Texas, CF screening was added to the panel in 2009. High levels of immunoreactive trypsinogen (IRT) protein in the blood may be a marker of cystic fibrosis. Texas uses an IRT/DNA algorithm, with initial screening using IRT and second screening, if required, screening for 40 common mutations. In some cases, understanding the possible outcome on a newborn screen and when to obtain a sweat chloride test on a newborn can be challenging. This confusion can lead to delayed diagnosis of cystic fibrosis and delay initiation of treatment. The Cystic Fibrosis Foundation awarded the pediatric center at the University of Texas‐Southwestern Medical Center/Children\'s Health a screening improvement program (SIP) grant in order to optimize the diagnosis and early treatment of newborns. This quality improvement project involves educating pediatricians, family medicine practices and NICUs in our catchment area to enhance their understanding of CF, newborn screening, and when to refer patients for sweat testing and for disease‐specific care.

**Method:** The initial step was the creation of an algorithm and a CF flier that detailed when to obtain a sweat test and when to refer patients to CF clinic. Secondly, we have created a 24‐hour hotline via Children\'s Health paging system as well as a CF‐specific email account for providers to utilize for questions. The CF flier and algorithm was given to the Children\'s Health physician liaison group to disseminate to all the pediatrician offices in our catchment area. Our nurse practitioner, with the assistance of the physician outreach program, has been to various primary care provider (PCP) offices to answer questions and review CF information. The algorithm has also been added to the Children\'s Health policy tracker as a quick reference guide.

**Results:** Since initiation and distribution of educational material, we have had 9 newborns referred into clinic. Historically, the greatest delay was getting NICU babies to be tested and seen in a timely fashion. With this initiative, we have had earlier communication with NICUs in the community and have been able to send a CF provider, with privileges to outside NICUs, to provide consultation. This has allowed for better parental understanding of diagnosis and assisted in improved transition from NICU to the CF clinic. We have had 3 newborns referred earlier due to visiting PCP office. We have been able to offer these patients expedited sweat testing and a clinic appointment within 48 to 72 hours of confirmation. Neither the email nor the hotline has been utilized as much as direct contact to the clinic.

**Conclusion:** Our goal for the coming year is to continue our collaboration with Children\'s Health in providing ongoing education and strengthening relationships with community physicians. We will also work diligently with the screening team at Austin to help identify newborns with CF and get expedited clinic referrals and visits.

**540** **▴**

**STANDARDIZING THE PROCESS IMPROVEMENT TO ENHANCE THE IMMUNIZATION STATUS OF CYSTIC FIBROSIS PATIENTS AGAINST ***STREPTOCOCCUS PNEUMONIAE*****

[Morse, M.R.]{.ul} ^1,2^; Pena, R.^1,2^; Shardonofsky, F.^1,2^ *1. Pediatrics, Baylor College of Medicine, San Antonio, TX, USA* *; 2. Children\'s Hospital of San Antonio, San Antonio, TX, USA*

**Objective:** Our cystic fibrosis center undertook a process improvement project in 2014 to enhance the immunization status of our patients against *Streptococcus pneumoniae*. Administration of PVC‐13 (Prevnar‐13) and PPV 23 (Pneumovax) is recommended for certain high risk patients by the Advisory Committee on Immunization Practices (ACIP) and American Academy of Pediatrics (AAP). Chronic lung disease is one of these high risk categories. The UK CF Trust and Canadian CFF do include the pneumococcal vaccines in their recommendations for CF patients; however, this has not been a part of the standard CF guidelines given to centers in the US. In a twelve‐month period of time (2014) we were able to move from 7% of our population fully immunized per the guidelines to 64% fully immunized, albeit our specific aim had been to have 75% of our population immunized with both vaccines. (Morse MR, et al. Pediatr Pulmonol. 2015;50(S41)392). In the second year of our project (2015), we sought to standardize the process so we would not lose the gains we had made and potentially improve our results even further.

**Methods:** A variety of Plan‐Do‐Study‐Act cycles were conducted. Algorithms that had been devised the previous year were improved. An electronic medical record system was installed. The Excel® data base from the previous year was continued and run charts made with reports of the data disseminated quarterly as opposed to monthly during the first year. In addition, comparative data between caregivers were added and presented periodically to stakeholders.

**Results:** At the end of 2014, 64% of our patients had received the PPV‐23 as compared to 7% at the beginning and 85% had received the PCV‐13 as compared to 53% at the beginning. We lost ground during the 2nd year but by the end of the 2nd year or 2015, we returned to the level of our previous gains, with 66% of our patients being fully immunized, i.e. had received both vaccinations. Through an influx of patients who had previously received the PCV 13 our rates for the 2nd year ended up at 97%.

**Conclusion:** We had difficulty sustaining the gains made during the year following our project of immunizing CF patients against invasive pneumococcal disease (IPD). We continued to meet hurdles ingrained in a longstanding hospital culture that could not be overcome without the project leader returning to champion the project. Without the recommendations of immunizing against IPD per the ACIP and AAP guidelines by the US CFF as other countries do, other measures that are required compete for attention and will not receive priority without a champion.

**541**

**SHAPING THE RESEARCH AGENDA IN PARTNERSHIP WITH THE GLOBAL CF COMMUNITY**

Rowbotham, N.J.^1^; Elliot, Z.^2^; Morley, R.^3^; [Smyth, A.]{.ul} ^1^ *1. Division of Child Health, Obstetrics and Gynaecology, University of Nottingham, Nottingham, United Kingdom* *; 2. Parent of children with CF, Nottingham, United Kingdom* *; 3. Cochrane, York, United Kingdom*

**Introduction:** We do not always have the evidence to support treatment decisions in CF. Presently there is no cohesive strategy to fill these evidence gaps, with research being driven by financial interests or those of investigators. Traditionally, patient views have not been considered when setting research agendas. Our objective, in partnership with the CF community, is to collect and prioritise these uncertainties for future research questions.

**Methods:** We are undertaking a James Lind Alliance (JLA) Priority Setting Partnership (PSP) (<http://www.jla.nihr.ac.uk>). Through a free text survey, available globally to all with an interest in CF, we are collecting research questions. In parallel we have conducted a systematic review to identify the "known knowns" and "known unknowns" in CF treatment decisions, allowing us to exclude suggested research questions which have already been answered. Using a framework approach, true treatment uncertainties will be collated. Utilising a Delphi method through a second online survey, and then a final workshop, participants will prioritise these collated uncertainties and the top ten questions for clinical research in CF will be agreed. Unlike PSPs for other conditions, online conferencing methods will be utilised to avoid cross‐infection, which we believe will widen participation. The timeline below shows the CF JLA PSP process**.**

**Results:** In just over a month of the first survey going live we have had 367 responses with 799 questions submitted. Through advertising via social media we have gained submissions from all over the world, with the top two countries for responses being England (52%) and USA (22%). 49% respondents are people with CF and their families and friends and 50% clinicians. A variety of themes have been identified including nutrition, physiotherapy, medication, management of exacerbations, life‐style, health care systems and even the role of politics. We will present a shortlist of the top 30 questions as voted for by the CF community.

**Conclusions:** This exercise is engaging the CF community around the globe, giving a unique opportunity to help set the future research agenda. PSPs in other disease areas have led to major research funding for many of their top ten questions.

The JLA CF PSP is supported by CF Trust, Univ. Nottingham, Nottingham Hospitals Charity. NJR is supported by an NIHR Academic Clinical Fellowship.

The authors present on behalf of JLA CF PSP Steering Group.
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Timeline outlining the JLA CF PSP process.
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**A NATIONAL PEER‐TO‐PEER MENTORING PILOT PROGRAM FOR ADULTS WITH CYSTIC FIBROSIS**

[Jeffrey, A.]{.ul} ^1^; Brooks, J.F.^2^ *1. Community Partnerships, Cystic Fibrosis Foundation, Chevy Chase, MD, USA* *; 2. Patient‐Focused Market Research, Boston, MA, USA*

**Background:** Adults with CF expressed a desire to have a program in which they could use their real‐life knowledge and compassion to mentor peers, not to share clinical information but to facilitate sharing the experiences of living with CF and its impact on life milestones, such as transitioning to college, dating, job experiences, etc. In association with the CFF Adult Advisory Committee and a Mentoring Development Committee, a pilot program was developed with the following aim: to offer an accessible, sustainable mentoring program that meets the needs of the CF community and achieves high levels of satisfaction for mentors, peers and CFF‐accredited care centers.

**Methods:** A survey was conducted among CF care centers to identify existing mentor programs and to assess the need/desire for a national effort. Next, a scan of non‐CF organizations\' peer mentoring was conducted. A plan was made to recruit 3 Adult CF Programs in each of the 4 time zones. A standard operating procedure document was developed. Training materials were created. The online platform allows self‐paced course content, quizzes, and communication with the instructor. Content includes confidentiality, boundaries of mentoring, resources, effective listening, and positive communication strategies. Mentor‐peer matching is based on the mentoring topic and considers peer preference in the following domains: health status, adult vs early diagnosis, age, gender, time zone, employment status, and interests. A central coordinator arranges all matches but the content of the discussions is the responsibility of the mentor‐peer dyad. A Mentoring Advisory Group was convened to respond to program feedback and issues. The program was designed to be scalable if successful.

**Results:** Most existing CF mentoring arrangements were informal and respondents were enthusiastic about development of a formalized program. The mentoring programs at USC (CF), Stanford (general), Imerman Angels (cancer), The Christopher and Dana Reeve Foundation (spinal cord injury), Kidney Foundation of PA (chronic renal disease), MS Society, and Alzheimer\'s Association were reviewed. The common thread is content on how to be an effective, empathetic listener and share experiences in a non‐authoritarian way. Twelve adult care programs were included in the pilot phase: Baylor College, Columbia University, Intermountain, Medical University of South Carolina, National Jewish, Northwestern, Oregon Health Sciences University, St. Luke\'s, Stanford University, University of Iowa, University of Pennsylvania, and USC/Keck. Preliminary results to be presented at NACFC will include number of mentors trained, site satisfaction with process, site assessment of program burden, number of peers accessing the program, number of matches made, average and range of duration of mentorship, and a variety of satisfaction scores.

**Conclusion:** By listening to the voice of the adult community and working cooperatively, CFF resources can be used to create programs that leverage the power of personal experience with CF to provide peer‐to‐peer support. Preliminary results indicate that this program is feasible, creates a minimum of work at care centers, and most importantly, leads to a high degree of mentor‐peer dyad satisfaction.

**543**

**COMMUNICATION AMONG KEY INPATIENT, OUTPATIENT AND COMMUNITY RESOURCE CARE TEAMS DECREASES DELAYS IN DISCHARGE MEDICATIONS**

[Thomas, L.K.]{.ul}; Kimberly, B.; Rodgers, T.F.; Lauderdale, S.; Mims, C. *Pediatric Pulmonary, Children\'s of Alabama/University of Alabama at Birmingham, Birmingham, AL, USA*

Inpatients with cystic fibrosis (CF) at the Children\'s of Alabama/University of Alabama at Birmingham (COA/UAB) pediatric CF center are cared for either by a medical resident or nurse practitioner (NP) team, both led by an attending physician. The outpatient CF team identified issues with continuity of care when caregivers or pharmacists called the CF center after discharge with problems such as lack of prior authorizations (PAs), unwritten prescriptions, lack of knowledge of where to get medications or prescriptions sent to the incorrect pharmacy. These issues caused delays as long as 2 weeks in reception of discharge medications. Therefore the inpatient and outpatient CF teams along with the Title V program, Children\'s Rehabilitation Service (CRS) which provides insurance supplementation for qualified patients developed a plan to improve discharge planning for medication prescriptions.

**Methods:** The inpatient NPs and pharmacist, the outpatient nurse coordinators, and CRS social workers met to: 1) understand the role of each team member, 2) determine the process for CRS involvement with discharge planning, 3) determine the process for specialty pharmacy prescriptions, 4) identify what medications require a PA and who is responsible, and 5) develop a communication plan for discharge medications among the three groups. As a result of the meeting, an Excel file for documentation of new medications, refill needs, PA status and discharge date was placed on a secure shared drive for daily updates and review. CRS also developed a new role of hospital liaison to coordinate updated patient needs.

**Results:** Communication among CRS and the inpatient and outpatient teams has become a standard process. 116 patients/parents were surveyed regarding their knowledge of the discharge home plan and their ability to recite this plan as well as difficulty with prescription fills. They overwhelmingly agreed that they knew the home plan. About half of them reported that they were asked to recite the plan before discharge. Although very few reported difficulty receiving discharge medications, the outpatient nursing phone notes were used to measure delays. In January 2015 when the discharge planning meeting occurred, 48% of patient records revealed delays in discharge medications. Following the face‐to‐face meeting and implementation of the shared discharge document, delays were rapidly decreased to 28% in only 1 month and currently are at an average of 10% with some months without recorded delays.

**Discussion:** A face‐to‐face meeting resulted in not only improved awareness of roles and processes but also a daily communication plan with improved motivation and knowledge of the plan to avoid delays in discharge medications. Most importantly, delays in discharge medications have greatly decreased. This is particularly impressive given rapid changes in policies of 3rd party payors and specialty pharmacies.

**544**

**PRE‐DETERMINED DISCHARGE GOALS IMPROVE COMMUNICATION BETWEEN INPATIENT AND OUTPATIENT TEAMS**

[Thomas, L.K.]{.ul}; Rodgers, T.F.; Lauderdale, S.; Troxler, B.; Hoover, W.; Kimberly, B. *Pediatric Pulmonary, Children\'s of Alabama/University of Alabama at Birmingham, Birmingham, AL, USA*

In 2015, COA/UAB pediatric CF program established the practice of discharge goals set by the primary pulmonologist. It was recognized by program leadership that increased isolation of the inpatient team from the outpatient team due to the physical expansion of our facility may have resulted in patients being discharged prior to meeting specific nutritional or respiratory health goals that were expected by the primary pulmonologist. Discharge goals were instituted to improve communication and define patient‐specific goals to determine resolution of pulmonary exacerbation (PE) or nutritional endpoints set by the primary pulmonologist.

**Methods:** Discharge goals were initially set by the primary pulmonologist. However, as this practice became standardized, long‐term goals were developed between the patient and /or parent and the team outpatient RT. Admission, discharge and follow‐up FEV1% predicted (FEV1%) were collected on those patients admitted for PE who were able to reproduce reliable lung function test results. Goals were also established for patients unable to perform spirometry and included weight gain and symptom control. Patients were also given a survey related to satisfaction with hospitalization.

**Results:** In 2015, 131 unique patients were admitted for 266 hospitalizations with 2782 inpatient days and an average stay of 10.76 days. In 2014, 200 unique patients were admitted for 228 hospitalizations with 2428 inpatient days and an average stay of 10.86 days. In 2015, 85% of patients reached their discharge goal. The most common reasons for unmet goals included patient goals not aligned with that of primary pulmonologist and special events for the patient. In 2015, the average change in FEV1% from admission to discharge was 5.47% and from discharge to clinic follow‐up (average of 30 days) was ‐0.74% compared to 2014 in which improvement in FEV1% during hospitalization was 12% and change from discharge to f/u was ‐5.1%. Further statistical analysis is in process at the time of this writing. The hospitalization survey was completed at 52% of 221 encounters. The majority of patients reported on a Likert scale that the hospital experience had improved over their last hospital experience and that discharge goals were discussed with them.

**Conclusion:** Established discharge goals improved communication between the inpatient and outpatient teams at least at admission when the goal was shared by the primary pulmonologist to the inpatient team. Pre‐determined discharge goals did not seem to negatively impact patient satisfaction with the hospitalization experience and since goals had not been established for discharge in the past, potentially improved communication with patients. Although the improvement in average FEV1% from admission to discharge was lower in 2015 compared to 2014, the decrease in FEV1 at follow‐up was less as was the number of unique patients requiring admission. Discharge goals are now a standard of care and we have a goal to increase jointly established FEV1% goals from 37% of the population to all patients able to reliably perform pulmonary function testing.

**545** **▴**

**USING MICROSYSTEMS METHODS TO INJECT NEW LIFE INTO QUALITY IMPROVEMENT INITIATIVES AT OUR PEDIATRIC CENTER**

[Harrison, A.]{.ul}; Nguyen, M.; Poulin, D.; Shea, J.; Kandalaft, R.; Childs, K.; Fine, T.; Lopez, J.; Yuengsrigul, A. *Pediatrics ‐ Division of Pediatric Pulmonology, Children\'s Hospital of Orange County, Orange, CA, USA*

**Background:** Our patient and staff satisfaction surveys showed that our patients felt they were waiting too long in clinic during quarterly visits and our staff viewed clinic as a very stressful place to work. Upon closer review of cycle time, we noted that our average cycle time was 125 minutes, but contact time with providers was only 61%, giving the patients the impression that there was a lot of wasted time. Our aim was to improve our patients\' knowledge of and adherence to prescribed pulmonary therapies. We have found a global knowledge deficit among our patients as well as patient and staff dissatisfaction.

**Methods:** We assembled a multi‐disciplinary team including CF center director and associate director, coordinator, dieticians, social worker, respiratory therapist (RT), nurse practitioner, PortCF data coordinator, and a CF patient and her mother. The team conducted an assessment of clinic functioning by reviewing patient and staff satisfaction by anonymous survey and collecting cycle time data. We then set global and specific aims for improvement, examined clinical, functional, satisfaction, and cost‐related measures using a Clinical Value Compass, completed a driver diagram to better understand factors which affect patient adherence, and began rapidly testing ideas for change using the Plan‐Do‐Study‐Act (PDSA) model.

**Interventions:** Using PDSA as our approach, we have tested the following ideas:

• Tracking sign‐in and sign‐out times for each patient for all providers in our multi‐disciplinary clinic;

• Utilizing one team member as a "flow master" to keep providers moving;

• Trialing three different CF patient action plans in clinic to better communicate the treatment plan with families;

• Based on tests, handwritten treatment plans added to the burden of care and lengthened the clinic visit without adding significant value to the patient, so we are developing an electronic version modeled after our preferred handwritten version;

• As cycle time was highly variable between different patients, depending on arrival time, we are testing a new clinic template to improve flow;

• Bringing sick patients into clinic on dates and times outside of the multidisciplinary clinic to lighten clinic burden;

• Adding the CF Rise program to our clinic to help measure knowledge deficits and improvement;

• Screening patients and their parents for anxiety and depression via our social worker and our team psychologist;

• Instituting a specific RT educator who reviews airway clearance protocol, cleaning, and order of therapy with families at each quarterly visit;

• Re‐educating staff in the areas of infection control, respiratory therapy guidelines, and preschool treatment guidelines with improved staff satisfaction noted.

**Results:** We have noted significant improvement in cycle time, contact time with providers, patient satisfaction scores, and lung function measurements. We also are seeing our efforts recognized outside of our microsystem, with recent requests to participate in QI initiatives regarding inpatient care of patients with CF.

This project was supported by CFF through the Fundamentals Learning and Leadership Collaborative.

**546**

**IMPROVING FEV~1~ AS PART OF A MULTIFACETED PROGRAM TO IMPROVE CF OUTCOMES**

[Schechter, M.S.]{.ul} ^1^; Schmidt, H.J.^1^; Williams, R.^1^; Norton, R.^2^; Taylor, D.^2^ *1. Pediatrics, Children\'s Hospital of Richmond at Virginia Commonwealth University (CHOR\@VCU), Richmond, VA, USA* *; 2. Respiratory Therapy, CHOR\@VCU, Richmond, VA, USA*

**Background:** Much of the variation in pulmonary outcomes that exists among patients is due to individual characteristics, but a significant component appears to be dependent upon CF center care. Previous investigations, including the CF benchmarking program and several observational data base analyses, suggest that CF centers that are successful at attaining better FEV~1~ have higher expectations of outcomes they can achieve and a systematic approach that ensures a consistent and proactive response to pulmonary exacerbations. Recognizing opportunities for improvement in pulmonary management at CHOR \@VCU, we attempted to incorporate this philosophy into a multifaceted program to improve CF outcomes that could be bundled and shared with other interested CF centers.

**Methods:** The reorganization of CF pulmonary care at CHOR \@VCU began in mid‐2013 and included the following components:

1\. Use of CF Foundation Patient Registry Smart Reports to track FEV~1~ over time during preclinic meetings

2\. Development of a pulmonary algorithm to define the therapeutic response to changes in FEV~1~.

3\. Creation of a spreadsheet tool that calculates change of FEV~1~ from baseline at every visit, completed by our respiratory therapist.

4\. Use of run charts to track adherence to the algorithm.

5\. Use of run charts to demonstrate the effect of the intervention on average FEV~1~ of the population.

The outcome measure we used was the rolling average of the best FEV~1~ over the previous 12‐months for each patient followed in the pediatric program. Rolling 12 month averages were calculated using center data downloaded from PortCF and then entered into a program in STATA, a commonly used statistical software package. This output was then illustrated in run charts generated in Excel.

**Results:** A run chart of changes over a 3‐year period is shown below. Mean of the best FEV~1~ for children 6‐13 years of age rose from 95.6% predicted (%P) in January 2013 to 108.4%P in March 2016; for children 13‐18 it rose from 69.9%P to 90.6P%; and for all children 6‐18 it rose from 83.7%P to 100.9%P.

**Discussion:** Improvements in pulmonary outcomes can be accomplished relatively rapidly using basic quality improvement principles, including interdisciplinary team goal setting, standardized and proactive approaches that ensure consistent recognition and treatment of pulmonary exacerbations, and the use of data to follow the effectiveness of the process. We believe that the steps involved would be easy for other CF Centers to adopt and adapt to their own settings.

Supported by CFF SCHECH14QI0.
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Mean of each patient\'s best FEV~1~ over the previous 12 months
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**IMPROVING BMI AND WEIGHT‐FOR‐LENGTH AS PART OF A MULTIFACETED PROGRAM TO IMPROVE CF OUTCOMES**

[Schechter, M.S.]{.ul} ^1^; Schmidt, H.J.^1^; Williams, R.^1^; Hall, R.^2^ *1. Pediatrics, Children\'s Hospital of Richmond at Virginia Commonwealth University (CHOR\@VCU), Richmond, VA, USA* *; 2. Nutrition, CHOR\@VCU, Richmond, VA, USA*

**Background:** Differences in CF center care account for much of the variation in nutritional outcomes that exists among CF patients. Findings from the CFF benchmarking program suggest that CF centers that are successful at attaining better growth have higher expectations of achievable outcomes and a systematic approach that ensures a consistent response to small falloffs in BMI percentiles. We attempted to incorporate this philosophy into a multifaceted program to improve CF outcomes that could be bundled and shared with other interested CF centers.

**Methods:** The reorganization of CF nutritional care at CHOR \@VCU began in mid‐2013 and included the following components:

1\. Use of CFF Patient Registry Smart Reports to track nutritonal measures over time during preclinic meetings

2\. Development of a nutritional algorithm to define the therapeutic response for children with less than satisfactory BMI and weight‐for‐length (WFL) percentile

3\. Use of run charts to track adherence to the algorithm

4\. Use of run charts to demonstrate the effect of the intervention on nutritional measures of the population

The outcome measure we used was the rolling average of the best BMI or WFL (children \<2 years) over the previous 12 months for each patient followed in the pediatric program. Rolling 12‐month averages were calculated using center data downloaded from PortCF and then entered into a program in STATA, a commonly used statistical software package. This output was then illustrated in run charts generated in Excel.

**Results:** The mean of the best WFL rose from 52.7 in January 2013 to 70.9 in March 2016; BMI percentile (BMIP) in children 2‐10 years old rose from 64.1 to 65.7; in those 11‐19 years it rose from 44.5 to 56.8. More importantly to us, the percentage of patients with best WFL\<50^th^%ile over the previous 12 months dropped from 57.1 to 28.6; the percentage with best BMIP\<50 dropped from 42.1 to 29.1; the percentage with best BMIP\<25 dropped from 19.3 to 5.5; and the percentage with best BMIP\<10 dropped from 7.0 to 3.6. This is shown in the Figure below.

**Discussion:** Improvements in nutritional outcomes can be accomplished relatively rapidly using basic QI principles, including interdisciplinary team goal setting, standardized and proactive approaches that ensure consistent recognition and early treatment of children with less than satisfactory nutritional status, and the use of data to follow the effectiveness of the process. We believe that the steps involved would be easy for other CF centers to adopt and adapt to their own settings.

Supported by CFF SCHECH14QI0.
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**MULTIDISCIPLINARY INTERVENTION IMPROVES NUTRITION STATUS IN ADULT PATIENTS WITH CYSTIC FIBROSIS AND URGENT NUTRITIONAL NEED**

[Bailey, J.]{.ul}; Clark, M.; Carden, J.; Goodwin, D.; Smith, T.; Antony, V. *University of Alabama at Birmingham, Birmingham, AL, USA*

**Introduction**: There is a clear association between BMI and lung function in adult patients with cystic fibrosis (CF). The CF Foundation recommends a BMI of ≥ 22 kg/m^2^ for adult women and ≥ 23 kg/m^2^ for adult men with CF. While higher BMI is correlated with higher lung function, there is also an association between lower BMI and poor clinical outcomes, including lower lung function. For this reason, the UAB Adult CF Center defines "urgent nutritional need" status as BMI of \< 18.5 kg/m^2^ in women and \< 19.8 kg/m^2^ in men.

**Objective:** To improve nutritional status as measured by BMI in the severely malnourished urgent need category of patients with CF in the Adult CF Center.

**Methods:** A multidisciplinary nutrition algorithm was implemented for patients classified with urgent nutritional need status. The algorithm focused on improving BMI through nutrition‐focused clinic visits with a registered dietitian, social worker, physician, and nurse practitioner in shorter clinic follow‐up intervals of 4‐6 weeks. Nutrition interventions included: dietary counseling on increasing calories, use of commercial beverages, optimization of enzymes, referrals to other specialists, appetite stimulants, and initiation or optimization of supplemental tube feeds. Patients met with a social worker for assessment of financial status and depression/anxiety screening. Each patient received a written nutrition action plan at the end of each visit that summarized nutritional recommendations and interventions, medication changes, and provided specific caloric and weight gain goals.

**Results:** At least two visits on the algorithm were completed by 22 patients (11 female, 11 male) identified as having urgent nutritional need status. Three visits were completed by 18 patients (11 female, 7 male). Only 45% of patients that completed a second visit and 17% of patients that completed a third visit returned to clinic in the recommended 4‐6 week follow up interval. The average weight gain following initiation of intervention algorithm between initial visit and visit 2 was 1.2 kg. The average net weight gain between initial visit and visit 3 was 1.9 kg. Average BMI for females at initial visit was 17.4 kg/m^2^ (n=12) and average BMI for males at initial visit was 18.5 kg/m^2^ (n=12). By visit 2, average BMI for females had improved to 17.7 kg/m^2^ (n=11) and average BMI for males improved to 19.2 kg/m^2^ (n=11). At visit 3, average BMI for females had improved to 18.1 kg/m^2^ (n=11) and average BMI for males improved slightly at 19.3 kg/m^2^ (n=7). One‐third of patients (32%) that completed at least two visits on the algorithm moved out of the urgent nutritional need category.

**Conclusions:** Implementation of a multidisciplinary urgent nutritional need algorithm, use of a written nutrition action plan, and a unified team message on improving nutrition led to improvements in nutritional status in the most malnourished subset of patients in the Adult CF Center. Despite limited adherence to the recommended closer follow‐up interval, improvement in weight gain and BMI status was achieved. Future work will continue use of this pathway with a focus on sustaining weight gain and further optimizing nutritional status in subsequent visits.

**549**

**PATIENT PERCEPTIONS ON TRANSITION AND TIMING OF TRANSFER TO THE ADULT CARE**

[Sadeghi, H.]{.ul}; Keating, C.; DiMango, E.; Altman, K.; Tsang, S.; Sewell, W.; Robinson, V.; Pincus, M. *Columbia University Medical Center, New York, NY, USA*

**Introduction:** Life expectancy has been increasing for individuals with cystic fibrosis (CF) and there are now more adults than children with the disease. A formal transition program for transfer of care from the pediatric CF center to the adult CF center did not previously exist at our center. This created obstacles such as patient and family anxiety and apprehension in transferring of care, missed or delayed appointments at the new center and lack of adequate communication among healthcare providers. The newly developed transition program aimed at: 1) Sharing responsibility between the pediatric and adult CF teams to secure a smooth transition of care; and 2) Improving preparedness for transition of patients with CF and their families with positive impact on patients\' outcomes.

**Objectives:** A survey was conducted to focus on patients\' opinions regarding perceptions of the transfer process, timing of transfer to adult care and educational needs within the transition process.

**Methods:** As part of the One CF Learning and Leadership Collaborative 2 grant, a transition team at Columbia University Medical Center was organized that consisted of providers from pediatric and adult cystic fibrosis care centers, an adult with CF, a parent of a child with CF and a coach. Patients who had transferred from the Columbia pediatric CF center to the adult CF center in the previous four years and patients 14 years and older were surveyed over a one‐month period. The survey looked at their opinions and perceptions of the transfer process, timing of transfer and education within current transition process.

**Results:** Of the seventeen patients who participated, five were ≤18 years of age, eleven were \>18 years and one did not document age. None of the respondents felt that transfer should occur before high school graduation. According to the participants, the mean ideal age of transfer was 18.7 years. 70% were prepared for self‐care, 65% were prepared for independence, 59% felt comfortable communicating with adult providers, 41% knew the location of adult clinic, 35% were prepared for relationships/sexuality discussions, 35% felt prepared for insurance issues and 29% were comfortable making appointments with the adult clinic.

**Conclusions:** CF patients felt that transfer to the adult center was best after high school graduation. The majority of patients reported confidence in self‐care and independence. Based on our survey results, the pediatric program needs to better prepare adolescents for medical insurance issues and on topics related to relationships and sexuality during the transition process. For a successful transition, providers need to assess developmental needs and knowledge gaps, and individualize timing of transfer based on preparedness. In the future we hope to also evaluate outcomes after transition to adult care.

**Acknowledgement:** Supported by CFF One CF Learning and Leadership Collaborative 2 grant.

**550** **▴**

**DEVELOPMENT AND EVALUATION OF A MULTIDISCIPLINARY APPROACH TO TRANSITIONING YOUNG ADULTS WITH CYSTIC FIBROSIS INTO ADULT CARE**

Johnson, T. *Pulmonary, Nationwide Childrens Hospital, Columbus, OH, USA*

**Background:** Cystic fibrosis (CF) care is very complex, requiring skills in almost all life realms to do well. Many teens continue to rely on adult caregivers to manage their care. People with CF now survive into adulthood and require certain skills to maintain good health and satisfying lives. The pediatric and adult CF teams at Nationwide Children\'s Hospital recognized the need to develop and trial a multidisciplinary approach to successfully transition those with CF from pediatric to adult care.

**Objective:** Our objective was to establish a smooth transition from pediatric to adult care for patients with CF, without decreased healthcare status. We defined a cohort of patients (age 17.5 to 20 years), with the goal to completely transition 50% by 12/31/15 with the remaining patients transitioning by the end of a 2‐year cycle, or by age 20.

**Methods:** A multidisciplinary team, including a parent member, identified skills and information crucial for self‐care. Each team member identified a process within his/her area of expertise to assess and teach. Patients in the cohort (N=20) were identified from the CF Foundation Registry. Patients completed a Sawicki Readiness Questionnaire at enrollment, and identified the order in which they preferred transition topics, allowing the participants to have input in the process. Patients were tracked weekly. The team member responsible for the individual topic met with the patient during a clinic visit; a discipline‐specific quiz was administered with follow‐up teaching. The quiz was re‐administered, with additional teaching if needed, until a score of 100% was obtained. Once all topics were completed, a handoff visit with patient, caregivers and both pediatric and adult program providers was performed. The patient was then eligible to be seen in the adult clinic and completed a second Sawicki questionnaire and satisfaction survey. BMI, FEV1, visits scheduled and calls initiated by the patient will be tracked for 2 years. FEV1 and BMI data will be compared to patients 20 through 22 years of age who did not complete the formal transition process.

**Results:** At present 7 of 20 patients have completed the process and moved to the adult clinic. Average time to graduation was 15.8 months (range 11 to 20 months). Average change in Sawicki scores was 8.4 points (range 0 to 23 out of 100) with areas of greatest change being Tracking Health Issues followed by Managing Medications and Appointment Keeping. Patient satisfaction with the process was high, with all but 4 items on the satisfaction survey answered 4‐5/5.

**Conclusions:** Development of the program was time consuming but is now standardized and incorporated into visits. Identification of specific CF team members to track patient progress is imperative. Assessment and teaching can be done within the existing clinic visit structure. A two‐year timeframe is adequate to complete the process for the majority of patients. The process occurs in the pediatric CF clinic, but requires excellent communication between adult and pediatric teams. Patient and family satisfaction is high; readiness for self‐care improved during the transition process.

**551**

**DOES AN INPATIENT GOAL‐SETTING BASED OCCUPATIONAL THERAPY PROGRAM PROMOTE INDEPENDENCE AND PARTICIPATION IN MEANINGFUL ACTIVITIES FOR ADOLESCENTS WITH CF?**

[Pociask, J.J.]{.ul}; James, J. *Occupational Therapy Department and Cystic Fibrosis Care Center, Children\'s Hospital Los Angeles, Los Angeles, CA, USA*

**Background**: In May 2015, the Cystic Fibrosis Care Center identified decreased habitual physical activity for this inpatient population and recruited the expertise of our OT team to address this deficit. Adolescence is a transitional time of life and requires a need for developing habits, roles, and routines to support emerging independence. Adolescents with CF face additional challenges and barriers to participation in healthy lifestyles related to Areas of Occupation in the Occupational Therapy Practice Framework: Domain and Process (AOTA, 2014). OTs (Occupational Therapists) have a specific skill set unique to fostering increased independence and participation in meaningful activities. An inpatient OT program based on goal‐setting was created and implemented to address these needs.

**Hypothesis:** We hypothesize that participation in an inpatient goal‐setting OT intervention for adolescents with CF will promote independence and increased participation in meaningful activities.

**Methods:** OTs evaluated patients aged 14‐22 with CF during inpatient stay. Evaluation includes motivational interviewing, administration of Children\'s Assessment of Participation and Enjoyment (CAPE), completion of Cystic Fibrosis Questionnaire‐Revised (CFQ‐R) and creation of written daily schedule. Participants are asked to engage in self‐reflection to create short‐ and long‐term goals. OTs collaborate with patients on goal setting activities and facilitate engagement in meaningful activities both during hospitalization and after discharge. OTs provide therapeutic use of self and tailor treatment sessions to tap into the individual\'s intrinsic motivation to facilitate the self‐awareness needed to make lifestyle changes.

**Results:** From May 2015‐April 2016, 24 patients participated in the OT program. 100% of these patients required some level of verbal cueing, to create goals. 96% of patients successfully completed the task of setting short‐ and long‐term goals. 96% of patients were able to identify factors related to CF that created barriers to their independence and participation in typical and preferred adolescent activities. Goals were categorized based on Areas of Occupation in the OTPF. Categorization of goals revealed themes related to emerging independence. Highest frequency of goals and desire for independence related to Health Management (75%) followed by Work (50%), Leisure (33%), Education (29%), and Household Establishment & Management (25%). Health Management goals included independent treatment management at home, making one\'s own doctor\'s appointments, and increased physical activity.

**Conclusions:** We conclude that an inpatient goal‐setting OT intervention promotes independence and goal setting for adolescents with CF. However, most need more support in the area of health management. We speculate that OTs can play an important role in the promotion of independence and participation in meaningful activities for adolescents with CF and support their transition to adulthood. OTs use a combination of psychosocial, emotional, and physical interventions that can promote independence and the self‐efficacy required to manage one\'s own life with a chronic illness.

**552** **▴**

**QUALITY IMPROVEMENT PROJECT TO IMPROVE SCREENING PROCESSES FOR CYSTIC FIBROSIS RELATED DIABETES**

Chemtob, C.H.; [Layish, D.]{.ul}; Calimano, F.; Summo, K.; Serr, D. *CF Center, Central Florida Pulmonary Group, Winter Park, FL, USA*

**Objective:** Improve the screening processes for cystic fibrosis‐related diabetes (CFRD). The process begins with identifying patients without CFRD who need yearly screening and ends with OGTT results obtained and addressed.

**Setting:** The Central Florida Pulmonary Group Adult Cystic Fibrosis Center serves 160 patients within a private practice setting.

**Background Information:** The incidence of CFRD has been reported to be as high as 34.9% (2014 data). The rate of CFRD in our patient population is significantly higher than the national average at a rate of 42.9%. Despite the high incidence of CFRD, the average annual rate of screening nationwide is only 30% (2014). Our clinic\'s screening rate was significantly lower than the national average. We screened only 12.7% of the nondiabetic patients who required this test in 2014.

**Methods:** The specific goal of our project was to increase the number of patients screened for CFRD from 12.7% to 26% in one year. The initial step was to study our clinic processes in general. First we increased the number of CF clinics by 50%. We initiated appointment reminder calls which allowed the CF Coordinator to instruct patients to get laboratory tests, including OGTT done prior to visit. To track lab results in "real time" we document in Port CF within one day of clinic visits. After making improvements to our clinic processes in general, we began to take steps to specifically address CFRD screening. We explored doing OGTT testing in the office but decided that this was not feasible. An action plan was developed to improve our CFRD screening process. First, the CF annual lab order sheet was revised to make it easier for staff to order labs and OGTT testing. The staff was educated on CFRD and the importance of OGTT screening. Patient education on CFRD and OGTT testing was completed by MDs and registered dietitian and patient education materials were provided. Financial and insurance resources for testing were provided by Social Worker. Additionally, a list of endocrinologist and the insurance accepted was developed to serve as a resource for referrals after diagnosis.

**Results:** We compared the 2014 Center Report to 2015 data from Port CF. The 2015 Center Report was not available, so we ran reports from Port CF to analyze our results. The data showed a dramatic increase in CFRD screening from 12.7% in 2014 to 50% in 2015. In 2015, as a result of improved screening processes, 12 patients were diagnosed with CFRD. The rate of CFRD in our patient population is now over 50%.

**Conclusions:** By changing our clinic processes to address problems identified in the clinic in general and specifically with CFRD screening, we were able to dramatically improve CFRD screening from 12.7 to 50% from 2014 to 2015. In doing so we improved patient care by diagnosing 12 new cases of CFRD. In 2016, we will aim for a CFRD screening rate of 75%. We would like to thank the CFF for allowing us to participate in the FUN LLC QI program and we are grateful for the guidance and encouragement our coach, Dr. Zanni, has provided.

**553** **▴**

**IMPROVING EXPERIENCE AND OUTCOMES DURING HOSPITALIZATION FOR PULMONARY EXACERBATIONS**

[St. Onge, I.]{.ul}; Corrigan, M.; Coates, A.; Fletcher, C.; Manchester, N.; Abbott, A.; Tyrrell, S.; Wyatt, C.; Cairns, A. *Barbara Bush Children\'s Hospital, Maine Medical Center, Portland, ME, USA*

**Objective:** To improve inpatient pediatric CF care, outcomes, and patient experience by improving communication and coordination of care. Our specific aims were to increase family satisfaction with communication among the CF team, to improve patient experience, to increase adherence, and to improve respiratory therapy (RT) and physical therapy (PT) services.

**Methods**: This prospective observational time series was conducted at our small academic children\'s hospital between Sept 2014--Sept 2015 and supported by institutional senior management. A series of parallel interventions were planned and implemented by our improvement team which included a hospital vice president, project manager, resident and attending physicians, nurses, therapists, dieticians, social workers, child life, and parents. To improve communication, interdisciplinary rounds were initiated five days per week, personalized schedule boards were updated during rounds, and daily afternoon huddles with the team were introduced. To improve the patient experience our CF Family Advisory Board created an informational brochure discussing what to expect during the hospitalization, and our dieticians developed a high‐calorie CF menu. To increase adherence a reward program was offered to the patients. Using our electronic medical record (EPIC) a clinical scorecard was established to track outcomes. FEV1 % increase and % weight gain were tracked as measures of clinical improvement. To improve RT services, a needs assessment was completed comparing the total number of pediatric inhaled therapies with current RT staffing. To improve PT services, a CF Bootcamp with expanded exercise options was established and FitBits were given to patients ages 10 and above to monitor exercise. Data were tracked using EPIC, RedCAP software, and pediatric HCAHPS family surveys after discharge.

**Results**: During the study period, 48 patients were admitted for CF pulmonary exacerbations. Interdisciplinary rounds were successfully completed 5 days per week an average of 98% of the time. In the HCAHPS surveys, 92% of patients rated the hospital experience highly (national HCAHPS average is 79%). FEV1 during admission increased by an average of 8% (goal 15%), and the amount of weight gain during admission for patients below the 50th percentile was 4% (goal 3%). Since the start of the adherence program in June 2015 satisfaction data showed that 85% of 7 families who completed surveys felt their child was more compliant, and 90% of the 26 nurses surveyed felt patients were more adherent with fewer barriers to care. We successfully demonstrated the need for a full time RT on the pediatric unit and the position was approved. Fitbits were distributed to 21 patients as part of the CF Bootcamp program.

**Conclusions**: We successfully improved CF inpatient care as measured by improved weight gain, family satisfaction, and enhanced PT and RT services. Keys to success included Family Advisory Board involvement in the planning of the project, multidisciplinary bedside rounds to improve communication, and the use of a reward system for adherence. Our next step is expansion of inpatient exercise programs.
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**STANDARDIZED CLINICAL ASSESSMENT OF CFTR MODULATOR USE AND SAFETY MONITORING: A DESCRIPTIVE QUALITY IMPROVEMENT PROJECT**

[Ong, T.]{.ul} ^1,2^; Cassidy, J.^2^; McNamara, S.^2^; Davis, C.^3^; Gibson, R.^1,2^; Lion, K.^3,2^ *1. Pediatrics, Division of Pulmonary and Sleep Medicine, University of Washington, Seattle, WA, USA* *; 2. Seattle Children\'s Hospital, Seattle, WA, USA* *; 3. Pediatrics, University of Washington, Seattle, WA, USA*

**Background:** Clinical practice in the management of cystic fibrosis (CF) is shifting with the evolution of CFTR modulators. Kalydeco (ivacaftor), the first approved medication of this class, has shown persistent benefits in lung function and other disease markers with concurrent rapid adoption by the CF community. Recent approval of Orkambi (lumacaftor/ivacaftor) has expanded availability to patients with the most common mutation in CFTR, but safe medication use is challenging to navigate with concern for associated adverse effects.

**Objective:** To implement a standardized CFTR modulator assessment tool in clinic to determine modulator use, assess knowledge of routine monitoring, and capture side effects.

**Methods:** A quality improvement tool, Monitoring Medication Safety in Cystic Fibrosis (MOMS‐CF) was developed with the clinical team. The MOMS‐CF tool assesses patient knowledge of CFTR modulator eligibility and monitoring, and reviews adherence and side effects associated with modulator use. Medication reconciliation and health‐related quality of life (CFQ‐R) are also assessed. Patients eligible for modulator therapy are screened prior to clinic, and clinic packets are populated with the MOMS‐CF tool. Providers review the tool with patients during clinic visits.

**Results:** Nineteen of 55 patients eligible for CFTR modulators at our center have been assessed by the MOMS‐CF tool since initiation in March 2016. Seventeen patients (89%) were eligible for Orkambi. Two of 19 patients (11%) did not know they were eligible for therapy. Two patients knew of eligibility, but declined prescriptions. Of the 15 patients prescribed therapy, 11 had received medication. Four patients did not have cataract screening or monitoring labs. Of those with medication, 82% reported daily adherence, and 1 reported taking medication 4 to 6 days a week. Eight of 11 patients denied stopping other therapies while taking Orkambi or Kalydeco. One patient reported using airway clearance less often. Five patients reported symptoms since starting modulator therapy, including increased cough (4), chest pain (2), chest tightness (1), trouble breathing (2), and stomach pain (1). Four patients felt symptoms were related to starting medication, but have continued therapy. One patient with increased coughing discontinued the medication and has not restarted. Median CFQ‐R respiratory domain scores for patients on modulator therapy were 69.5 (IQR 55.6‐83.3).

**Conclusion:** We successfully developed and implemented a tool that standardizes assessment of CFTR modulator use in real world practice. The MOMS‐CF tool provides detailed ascertainment of modifiable patient level factors that may impact CFTR modulator use.

**555**

**FITNESS OUTCOMES OF A PEDIATRIC CF CLINC EXERCISE PROGRAM**

[Cassidy, J.]{.ul}; Seymour, H.; Gilbert, K.; Ong, T. *Seattle Children\'s Hospital, Seattle, WA, USA*

**Background:** The positive effects of physical conditioning on both lung function and quality of life in CF have been well reported. The outpatient exercise program at Seattle Children\'s CF Center was developed to promote exercise and active lifestyles as additional therapy to improve pulmonary outcomes and quality of life.

**Objective:** To evaluate measures of fitness and core strength in CF patients who participated in ≥3 exercise program visits.

**Methods:** Eligible patients are ≥5 years of age and at baseline health status each visit. The program is designed for fitness and cardiopulmonary evaluation by a Certified Athletic Trainer every 6 months prior to CF clinic appointments. Fitness education, exercise recommendations and goal setting also occur each visit. Among the metrics collected are Bruce protocol stage, time (minutes), and VO2 max (mL/kg/min); static hold core strength tests (superman, V‐sit, plank‐time in seconds (sec)); resting and active vitals (heart rate, respiratory rate, and SPO2); and CFQR and HAES scores. Means and standard deviations were calculated for all continuous demographic variables and frequencies and percentages were calculated for categorical variables. Linear mixed models and a generalization of paired t‐tests were used to assess the patient metrics over time while participating in this program.

**Results:** From January 2012‐April 2016, 59 patients had fitness and cardiopulmonary evaluations done at 154 visits. A subset of 26 patients has completed ≥3 visits. Characteristics of the subset of 26 patients are generally similar to the total cohort of 59 patients, including mean age of 11.1 years (SD 2.9), mean FEV~1~ % predicted of 98.5 (SD 16.2), and were 65% female (overall cohort 56% female). The 26 patients completed 111 exercise visits: 9 patients had 3 visits (34.6%), 6 patients had 4 visits (23.1%), 8 patients had 5 visits (30.8%), 1 patient had 6 visits (3.8%), and 2 patients had 7 visits (7.7%). The mean time between visits was 332.5 days and ranged from 140‐1169 days. There was slight improvement in V‐sit of 4.81 sec/year (y) (p \< 0.01) and an increase of 3.60 sec/y for superman, although this was not statistically significant (p = 0.08). Bruce protocol improvements include: stage increased an average of 0.36 stages/y (p \< 0.01), time increased an average of 1.02 min/y (p \< 0.01), and VO2 max increased an average of 4.10 mL/kg/min per year (p \< 0.01).

**Discussion:** Improvements in Bruce protocol stage, time, and VO2 Max suggest that patients with 3 or more visits had increased endurance while in the program. One measure of improved core strength (V‐sit) reached statistical significance, but others (superman and plank) did not. Limitations include variable time between visits and small sample size. Patient nonadherence to exercise recommendations is another potential limitation, but has not been assessed. Time variability between visits is primarily related to system and scheduling issues. Future focus of the program includes assessing adherence to exercise recommendations, reducing and standardizing time between visits to decrease variability, and increasing sample size to determine if these or other improvements in fitness are sustained over time.
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**DEVELOPING A MULTIDISCIPLINARY TRANSITION PROGRAM: ONECF BOSTON**

[Barnico, K.]{.ul} ^1^; Giancola, L.^1^; Bailey, I.^1^; Bombardier, L.^1^; Bond, J.^1^; Britton, K.^1^; Cardoni, L.^1^; Chung, A.^1^; Curran, S.^1^; Helfand, L.^1^; Mogren, K.^1^; Reynolds, J.^1^; Rits, S.^1^; Rokos, K.^1^; Sandage, D.^1^; Sullivan, K.^1^; Hollingsworth, J.^2^; Uluer, A.Z.^1^; Sawicki, G.S.^1^ *1. Boston Children\'s Hosp, Boston, MA, USA* *; 2. Riley Children\'s Hosp, Indianapolis, IN, USA*

**Background:** Individuals with CF are often unprepared as they transition care to adult providers and may have poor understanding of routine CF care, medication regimens, health insurance, and college/career development options. To meet the ongoing health challenges in young adults with CF, transition preparation starting in adolescence is essential.

**Objective:** Using a multidisciplinary quality improvement (QI) approach, we established a program to facilitate the transition of patients from pediatric to adult care within our large pediatric and adult CF care programs.

**Methods:** This QI project was initiated in conjunction with the CFF funded OneCF LLC2 in 2014. Our team included multi‐disciplinary clinicians as well as a 25‐year old with CF and 2 parents of young adults with CF. A needs assessment for survey was sent to young adults recently transferred to the adult CF team, parents of adolescents in the pediatric program, and our health care providers. A process map for transition was established and a OneCF Center transition policy was developed. Fifty patients age ≥19 years old followed by the pediatric team were identified as the initial transition cohort. A letter was sent to families communicating the goals of the transition program, CF patients were assigned a "transition coordinator" from within our teams, and existing transition tools including CF RISE were implemented. A quarterly transition meeting involving both the pediatric and adult teams was initiated to systematically discuss transition cohort patients, identify potential obstacles for transition, and to establish a mutually agreed upon plan and time frame for transfer.

**Results:** The transition needs assessment survey was completed by 46 parents, 8 clinicians, 6 young adults. 85% of adults responded that such a program would have made changing from pediatric to adult care easier. 80% of parents surveyed felt it important for their child to understand how to manage therapies and communicate with their CF health care team before transitioning to adult care. 100% of parents felt it is important for patients to receive age‐appropriate care under the care of an adult provider when time is right, 87% of providers felt the development of a formal transition program would make transfer easier and 100% felt it is important to have a formal transition program. Of the 50 patients identified, 15 have initiated CF RISE, a web‐based knowledge and transitional care skill assessment. Forty percent of the cohort have been presented at our joint team meeting with 7/50 (35%) transferring care successfully to our adult team.

**Conclusion:** Using a multidisciplinary approach involving our clinical care team and patient‐family input, we established a formal transition program that prepares individuals followed in our pediatric CF program to transition to the adult program. A patient satisfaction survey is planned for a year after transfer to those who established care with our adult program. We anticipate that this program will improve transition preparation, care coordination, and communication within our OneCF Center programs.
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**TELEMEDICINE GENETIC COUNSELING IN THE PROVISION OF CF NEWBORN SCREENING PROGRAMS**

[Stalker, H.J.]{.ul} ^1^; Jonasson, A.^1^; Hopfer, S.^2^; Moffett, K.S.^3^; Schuler, P.^1^; Collins, M.^2^; Zori, R.^1^; Delgado, S.^1^; Hart, K.J.^4^ *1. Pediatrics, Univ of Florida, Gainesville, FL, USA* *; 2. Univ of Connecticut, Farmington, CT, USA* *; 3. Pediatrics, West Virginia Univ, Morgantown, WV, USA* *; 4. Utah Dept of Health, Salt Lake City, UT, USA*

**Introduction:** Notification of a positive newborn screen (NBS) results in tremendous anxiety and uncertainty in parents from their first contact from the NBS program until resolution of the screen. Much of this anxiety is related to the fear of the unknown and an unrealistic expectation as to risks that their child might have CF. Most NBS programs mandate genetic counseling, but this service can be quite variable depending on the Center. Genetic counseling is frequently not provided by genetic counselors (GCs) due to funding constraints or availability of a genetic counselor within the CF treatment centers. A GC is not a routine part of most pulmonary clinics, and as such, must be brought in from another program. In smaller or more rural centers, access to a GC might not be possible. The use of telemedicine has allowed access to genetic counseling services in many regions that would not otherwise have had access to these services either geographically or financially. There are two major issues that are significant to the provision of better GC services to families who are identified through the CF NBS program: reducing inappropriate anxiety by ensuring that families have appropriate information about the screen, the risks of CF, and the process that will be involved in coming to diagnostic resolution about their child, and ensuring that families have a better understanding of the genetic implications of having a child identified as being a carrier for CF, the possibility of having a future child who has CF, and the screening of other family members that is appropriate given the specific structure of the family and the specific mutations identified.

**Methods:** We have provided GC via telemedicine to patients identified as having abnormal newborn screens for CF at four disparate locations across the country: UF, UConn, WVU and the State of Utah. Following provision of GC, families completed a satisfaction survey regarding the quality of the information provided to them, and their comfort with the use of the telemedicine modality for provision of this information. Further evaluation of knowledge about CF was based on the Ciske index and an interview that was analyzed for content themes.

**Results:** Analysis of satisfaction survey revealed enthusiasm and comfort for the process of GC and for its provision via telemedicine. Overall comfort was rated at 4.77 out of 5 across 10 questions related to satisfaction. Analysis of Ciske data revealed that knowledge of genetic issues related to CF was generally quite good.

**Conclusions:** Provision of GC via telemedicine is well tolerated and appreciated by families faced with an abnormal NBS for CF with no differences noted between the centers involved in this study. Families report increased understanding of the process of NBS and decreased anxiety about the process. Analysis of the Ciske knowledge acquisition tool revealed good understanding about the implications of the CF gene in the family. The ability for one GC to provide services throughout the country makes this a financially viable approach to provision of a much‐needed service.
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**IMPACT OF AN ADULT CYSTIC FIBROSIS NON‐SURGICAL PAIN TREATMENT ALGORITHM ON OPIOID PRESCRIBING**

[Lehman, A.]{.ul} ^1^; Sakon, C.^1^; Kane, C.^2^ *1. Pharmacy, University Hospital, Indiana University Health, Indianapolis, IN, USA* *; 2. Purdue University, West Lafayette, IN, USA*

**Background:** The presence of pain has been well documented in the adult cystic fibrosis (CF) population (1‐4). Optimal pain management for patients with CF has not yet been studied. However, several disadvantages to opioid medications exist including tolerance, possible overdose, and potential for abuse. Additionally, opioids have known side effects such as respiratory depression, constipation, nausea, and sedation -- some of which are especially problematic in the CF patient. Finally, opioids may suppress cough which may hinder full effectiveness of airway clearance.

**Purpose/Objective**: In May 2013, in response to growing concern of opioid abuse in our patient population, a non‐surgical pain treatment algorithm was approved by the IU Health Adult Cystic Fibrosis Center and inpatient pulmonary physicians. The algorithm emphasized a multi‐modal approach with regimens that include non‐opioid pharmacologic and non‐pharmacologic treatment options (5). The objective of our study was to evaluate the impact of the algorithm to reduce opioid prescribing.

**Methods:** We conducted a retrospective chart review of patients with cystic fibrosis who were admitted to the hospital one year pre‐ and post‐algorithm initiation, respectively, June 2012 ‐ May 2013 and June 2013 ‐ May 2014. Opioid name, dose, route, and frequency were collected from electronic medication administration records. All opioid doses were converted to a single daily oral morphine equivalent dose for comparison purposes. Patient pain scores and duration of hospital stay were also collected.

**Results**: One hundred eighty‐four admissions were included in the study (121 pre‐algorithm and 63 post‐algorithm). In the period following algorithm initiation, the average daily morphine dose decreased by 28.2% (65.5mg versus 91.2mg). The number of doses given intravenously decreased by 37.4% (43.7% versus 69.8% of all doses administered). Daily average pain scores were similar pre‐ and post‐algorithm (3.3 versus 3.4, respectively). Average length of stay was similar pre‐ and post‐algorithm (13 days versus 15 days, respectively).

**Conclusions**: At our center, implementation of a non‐surgical pain treatment algorithm along with prescriber support reduced opioid prescribing without negatively impacting pain scores.

**References:**

1\. Ravilly S, et al. Pediatrics 1996;98:741‐7.

2\. Festini F, et al. J Cyst Fibros 2004;3:51‐7.

3\. Stenekes SJ, et al. J Pain Symptom Manage 2009;38:837‐48.

4\. Hayes M, et al. Chest 2011;140:1598‐603.

5\. Bajwa ZH. Overview of the treatment of chronic pain. In: UpToDate Basow, DS (Ed), UpToDate, Waltham, MA, 2013.
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**VITAMIN D SUPPLEMENTATION: HOW MUCH IS ADEQUATE? OUTCOMES FROM A QUALITY IMPROVEMENT PROJECT AT A PEDIATRIC CYSTIC FIBROSIS CENTER**

[Patel, K.]{.ul}; Britt, E.; Duval, M.A.; Kirchner, K. *Children\'s Healthcare of Atlanta, Atlanta, GA, USA*

**Background**: Low vitamin D stores are common in cystic fibrosis (CF) patients due to decreased absorption and insufficient intake. At our CF center, serum vitamin D is routinely checked as part of annual labs. Since 2010, a quality improvement (QI) goal for our center has been to improve patients\' vitamin D stores, but we did not have a supplementation protocol to correct low levels. In 2011, 76% of our patients had at least one vitamin D level obtained as part of their annual labs. Since our QI initiative began, levels obtained increased to 96% in 2015. We used the 2012 evidence‐based guidelines on the management of vitamin D recommended by CF Foundation as our supplementation protocol. Using this protocol we monitored and supplemented vitamin D in our patients with low levels. After implementation, in 2013, 55% of our patients had sufficient vitamin D levels.

**Objective:** The purpose of this study was to evaluate if our current protocol is effective in providing adequate vitamin D supplementation, and if so, what dose was effective in maintaining sufficient serum levels.

**Methods:** This is an IRB‐approved QI study. All patients treated in the CF Center at Children\'s Healthcare of Atlanta, Scottish Rite from January to December 2015 who had vitamin D levels drawn were assessed. In patients with a sufficient serum vitamin D level, recommended supplemental vitamin D dose was recorded and averaged into a daily dose. Supplemental vitamin D was defined as the amount of vitamin D taken in addition to any CF‐specific vitamins or multivitamins. Data were excluded for patients with self‐reported poor adherence, and for patients not taking a CF‐specific vitamin or supplemental vitamin D.

**Results**: In 2015, 163 vitamin D levels in 170 eligible patients were obtained. Of these 163 eligible patients, 116 (71%) were sufficient. After implementing exclusionary criteria, 47 of the 116 patients were taking supplemental vitamin D and were included in this analysis. Supplemental vitamin D dose ranged from 800 International Units (IU) ‐ 10,000 IU daily. The average supplemental daily dose was 2812 IU (SD±2392 IU).

**Discussion:** Since its initiation in 2010, the goal of our QI project has been to improve routine vitamin D monitoring and serum vitamin D levels in our patients. From 2013‐2015, patients with sufficient serum vitamin D increased from 55% to 71%, respectively, suggesting our current protocol is meeting vitamin D requirements in the majority of our patients. This prompted us to examine the supplemental vitamin D dose in our patient population. We found that patients maintained sufficient serum levels when supplemented with an average of 2812 IU vitamin D in addition to any CF‐specific vitamins or multivitamins. Adherence, vitamin D formulation and degree of malabsorption may explain the wide range in supplemental vitamin D dose required (800 IU‐10,000 IU daily). Our goals for 2016 are to further educate patients on the importance of vitamin D and thus improve adherence to the recommended regimen. Finally, utilizing these results we plan to further investigate and implement a standard maintenance dosing protocol of approximately 3000 IU daily in all of our patients.
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**PHYSIOTHERAPY IN END‐STAGE CYSTIC FIBROSIS ‐ THE ROLE OF HOME CARE**

[Parkinson, H.F.]{.ul} ^1^; Reilly, C.C.^2^; Channon, K.^1^; Elston, C.^1^ *1. Cystic Fibrosis Team, Kings College Hospital, London, United Kingdom* *; 2. Physiotherapy, Kings College Hospital, London, United Kingdom*

**Introduction:** Advances in medical management mean life expectancy in CF continues to improve. With this the number of patients living with complex end‐stage disease is increasing.

Kings College Hospital is a specialist CF centre for the care of 227 adults. In addition to standard care, the CF team provides a multidisciplinary home care service which is offered to patients across the full spectrum of disease severity. This aims to provide additional, convenient support to patients in managing their disease. Patients are seen at home for a number of reasons. In the last 12 months there has been a 50% increase in referrals to support patients living with end‐stage disease. This study aimed to explore the role of physiotherapy in supporting these patients in their own home.

**Method:** Retrospective review of physiotherapy provision within the CF home care service (April 2015‐April 2016) for patients where end‐stage support was the primary reason for the visit.

Descriptive data included number of patients seen, total time spent with patients and whether the visit avoided an additional hospital attendance. The interventions performed were coded and summarised using descriptive statistics.

**Results:** 141 visits were completed to 65 patients. Of these, 32 visits (9 patients, FEV1 17‐32% predicted, all requiring supplemental oxygen and NIV) were for end‐stage support. The mean (range) number of visits per patient was 3.5 (1‐10) and duration of each visit was 91 (45‐150) minutes. Over half (56%) of these visits prevented an additional hospital attendance. In the context of the overall service, 23% of visits were for end‐stage support; however, this accounted for 48.5% of the total home care service time.

154 interventions were identified and coded into 14 categories (Figure).

The majority (\>70%) of interventions focused on the complex symptoms and support required to manage the unpredictable nature of end‐stage disease, including the practicalities of living with oxygen and NIV at home.

**Conclusion:** Reviewing end‐stage patients in their own home facilitates the delivery of complex respiratory interventions that would otherwise require attendance at hospital, thus reducing patient burden. The time spent on delivering these visits must be acknowledged, however this time allows the delivery of personalised care and context‐specific interventions focused on addressing the day‐to‐day challenges patients with end‐stage CF face at home, which cannot be replicated in the outpatient clinic.
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**USE OF A CFF LEARNING AND LEADERSHIP COLLABORATIVE GRANT TO IMPROVE NUTRITION OUTCOMES IN 0‐2 YEAR OLDS**

[Seffrood, E.]{.ul} ^1^; Albee, K.^1^; Becker, C.^1^; Harmelink, J.^1^; Iannacchino, K.^2^; Pfeil, D.^1^; Rock, M.J.^1^ *1. Pediatric Pulmonology/CF Center, American Family Children\'s Hospital, Madison, WI, USA* *; 2. Dartmouth Institute, Lebanon, NH, USA*

**Introduction:** The Pediatric CF Center at American Family Children\'s Hospital in Madison, WI was awarded a Learning and Leadership QI Grant (Fun LLC) from the CFF in June 2015 to focus on a nutrition or pulmonary QI project. The first task was to examine our patient registry data. A review showed a downward trend in nutritional outcomes in our 0‐2 year olds. Mean weight to length (w/l) in 2006 was close to the 75th%ile whereas mean w/l in 2014 was at the 50^th^% ile. If the downward trend continues, w/l will fall below the CFF goal of w/l at the 50th%ile or above on the CDC Growth Charts.

**Aim:** To improve the process of achieving optimal nutrition for our 0‐2 year olds with CF. By working on this process we will improve w/l and eventually FEV1. The positive relationship between weight and lung function is well known. Many studies show the earlier goal w/l is achieved, the healthier people are in the long run.

**Subjects:** We included all patients diagnosed with CF under the age of 2 years by June 2015. We did not include patients with CRMS or those in the NICU. Total patients = 15. Of those, 11 are male (73%), 4 are female (27%), 13 are PI (87%), 2 are PS (13%), and 6 (40%) had a w/l \<50th%ile with a mean w/l of 49.8% for the entire group.

**Methods:** We have completed several Plan‐Do‐Study‐Act cycles (PDSA) focusing on different aspects of clinical care. Cycles included: 1) adding a pre‐clinic huddle, 2) standardizing length measurements in clinic; infants are hard to measure and getting a false high length sends caregivers and practitioners wrong information about growth, 3) calling all patients with a w/l \<50th%ile 2 weeks after the clinic visit to review patient specific goals, 4) requiring all patients to complete a 3 day food record to determine calorie intake and make targeted recommendations to reach goal of 150‐200% of the Recommended Dietary Allowances (RDA), 5) improving timeliness of rooming patients, 6) improving organization and accountability of stocking rooms to increase efficiency, 7) providing written material on w/l and BMI and how it positively correlates to lung function, 8) providing earlier and better information about tube feedings through a family‐to‐family letter.

**Results:** Although still in progress, to date our mean w/l has increased to 63.56%. The average variability in length measures was 0.7 cm so it is now mandatory to take an average of 3 measures. Of the 6 patients with a w/l \<50th%ile, the average calorie intake went from 147% of the RDA to 187% and 1 patient received a feeding tube. Additional results of changes are pending.

**Conclusions:** Standardizing our length measurements, calling patients to follow up on goals, evaluating food records, holding pre‐clinic huddles, and increasing communication with families have become a routine part of clinic care and have improved w/l in 0‐2 year olds. Having dedicated time to meet and work on a QI project with the help of a coach has enabled us to bring several ideas into reality overall benefitting the nutritional status, and in the long run the lung function of patients with CF.

Supported by the CFF Fun LLC Grant.
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**OPTIMIZING NUTRITION STATUS IN INFANTS WITH CYSTIC FIBROSIS UTILIZING A STANDARDIZED NUTRITION ALGORITHM**

[Culhane, S.]{.ul} ^1^; Mann, M.^2^; Spoede, E.^1^; Ruiz, F.^2^ *1. Texas Children\'s Hospital, Houston, TX, USA* *; 2. Pediatric Pulmonary Medicine, Baylor College of Medicine, Houston, TX, USA*

**Background**: Good nutrition in infants with cystic fibrosis is imperative to positively impact lung function and quality of life. Our center identified the under‐one age group as a specific target for improving nutritional outcomes. As a large center with many physicians and dietitians managing CF patients, we noted each provider/dietitian team had a non‐standardized approach for managing infants. Our center developed a specific algorithm for patients under one year of age to standardize care within our center with the goal of improving nutritional status in our younger patients.

**Objective**: Our primary aim was to increase the weight‐for‐length percentile in our infant population to the recommended CF goal of ≥ 75th percentile. Our secondary aim was to measure the compliance with the use of our nutrition algorithm.

**Methods**: A multidisciplinary quality improvement committee specifically focused on creating an algorithm to be used with new patients diagnosed through newborn screening during the first year of life. The committee specifically chose to focus on maintaining infants\' enzyme dose above 1500 units of lipase per kilogram per meal as well as use and rapid step‐up of higher caloric concentration of the infants\' milk (expressed breast milk or formula). The two components for measuring adherence of the algorithm were enzyme dose and formula/expressed breast milk concentration. The outcome measured was the weight‐for‐length percentile. We compared infants diagnosed via newborn screening for two years prior to implementation at their one year of life mark compared to the one year of life mark for patients treated since implementation of the algorithm.

**Results**: Our team has had 9 patients that have reached their first birthday since implementing the new nutrition algorithm. Average weight‐for‐length in patients on the first birthday prior to the start of our algorithm was 60.8 (n=22). After implementation of the algorithm the average weight‐for‐length percentile was 75.34 (n=8). Compliance with increasing enzyme dose was 100% at 6 months of age and 75% at one year of age. Compliance with higher calorie formula was 75% at 6 months and 75% at 12 months.

**Conclusions**: In our limited sample size, we have been able to successfully increase the average weight‐for‐length percentile in infants at one year of age. Our committee has also shown that in a large center with many different personnel taking care of patients, a specific center‐based algorithm can be beneficial in standardizing care.

**Future Plans**: Our center plans to continue following the nutrition algorithm in our patients under one year old and following outcomes to see if providing higher enzyme doses before malabsorptive symptoms occur and increasing caloric concentration of the infant\'s diet will further improve nutrition status and have sustainable benefits without adverse events.

**563** **▴**

**DECREASING CF NEWBORN SCREENING DELAYS: A HOSPITAL‐CENTRIC QUALITY IMPROVEMENT (QI) APPROACH TO OPTIMIZING COLLECTION AND TRANSPORT OF NEWBORN BLOODSPOT SCREEN (NBS) SAMPLES**

[Parad, R.]{.ul}; Murphy, K.; Langner, E. *Newborn Medicine, Brigham and Women\'s Hospital, Boston, MA, USA*

**Background:** NBS, the process of testing blood collected on filter paper after birth and identifying babies at risk for life‐threatening disorders, is a complex public health process that has been in place in the U.S. for over 50 years. To be effective, collection and transport of the sample, lab testing, and result reporting must be timely, as diagnostic and treatment delays impact neonatal outcome. The Secretary\'s Advisory Committee on Heritable Disorders in Newborns and Children (ACHDNC) recommends that NBS results for time‐critical disorders should be reported by the 5th day of life. For this to be accomplished, NBS must be collected and transported to the newborn screening lab -- a multistep intrahospital process also known as the "pre‐analytic" phase of NBS -- when a newborn is 24‐48 hours of age.

**Aims:**

1\) Develop a hospital‐based QI process toolkit to minimize the risk of missing or delaying the collection and transport of NBS samples at Brigham and Women\'s Hospital (BWH), Boston, MA.

2\) Disseminate this toolkit to other MA birth centers which can use it to analyze and optimize their own performance on timeliness of NBS sample collection and transport to reduce the statewide risk of delayed and missed samples.

**Methods:** Using standard QI approaches, we developed a pre‐analytic process chart and REDCap database to track data on NBS sample draws for all BWH births from 2/1/15‐5/1/16. Using time of sample collection and transport, we calculated pre‐intervention baselines for the metric "% samples not sent on the appropriate day (AD)" (24‐48 hours after birth). Responses of this metric to interventions of 4 Plan‐Do‐Study‐Act (PDSA) cycles were assessed and impact graphed using an SPC p‐chart.

**Results:** We decreased the number of NBS samples sent to our state NBS lab outside of the AD window from 40% to 3% through 4 PDSA cycles. This improvement translates into decreasing the time from birth to NBS sample arrival at the state lab from over 3‐4 days to 2‐3 days, allowing for more rapid generation of NBS results and reporting.

**Discussion:** To improve pre‐analytic performance within our hospital, we developed an NBS QI toolkit which identified problems and facilitated interventions to address those problems and provided data to assess the effectiveness of the intervention over time. The toolkit will be disseminated to MA birth hospitals through NeoQIC, a statewide NICU QI network, where it can be adopted by other hospitals to map a detailed process, determine baselines, identify problem points, and track progress. We will measure the effectiveness of the toolkit by comparing metrics pre‐ and post‐ dissemination. Minimizing pre‐analytic time metrics for sample collection and transport of NBS samples can be accomplished by our proposed process, potentially cutting days off the time from birth to result reporting, and minimizing delays in diagnosis and treatment of CF and other life‐threatening disorders.

Supported by a CF Foundation Newborn Screening Quality Improvement Grant. Study data were collected and managed using REDCap electronic data capture tools hosted at BWH, J Biomed Inform. 2009 Apr;42(2):377‐81.
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**EVALUATING KNOWLEDGE AND ATTITUDES ABOUT NUTRITION AND WEIGHT AMONG ADULTS WITH CYSTIC FIBROSIS**

[Wilson, A.]{.ul}; Poch, K.; Brayshaw, S.; Trout, C.; Fischler, K.; McVey‐Tyson, A.; Rasmussen, L.M. *National Jewish Health, Denver, CO, USA*

**Background**: It is widely agreed upon that nutritional status is an important, independent determinant of lung function and survival in individuals living with CF. The Cystic Fibrosis Foundation (CFF) established the goal body mass index (BMI) for men to be a minimum of 23kg/m^2^ and for women to be a minimum of 22kg/m^2^. However, nutritional knowledge and understanding of basic dietary concepts is low and there is a lack of awareness about the link between diet and disease. These problems can be attributed to poor education, inadequate adult‐centered educational materials, or misconceptions by the care team.

**Methods**: A review of the CFF Patient Registry data showed that 15% of the CF patient population at the Adult CF Program of Colorado had a BMI of 19kg/m^2^ or less. To assess nutritional knowledge and attitudes in these patients, a questionnaire was developed from other validated questionnaires, such as CFQ‐R and CFQoL, but was not validated itself. The questionnaire was administered between June 1 and November 30, 2015 to patients that presented in clinic with a BMI less than 19kg/m^2^.

**Results**: During the 6‐month period of administration, the questionnaire was completed by 31 subjects with a BMI less than 19kg/m^2^: 16 females and 15 males. This equals an overall return rate of 62% of possible patients. The results identified key areas of improvement. Subjects\' knowledge of CFF‐recommended BMI was low at 12.5% for females and 33% for males, while correct knowledge of their own BMI range was higher at 62.5% for females and 87% for males. Calorie content of foods was incorrectly identified by 56% of females and 60% of males. Twenty‐seven percent of males also incorrectly identified high calorie beverages. Body image issues were reported by females (25%), but not males (0%). A feeding tube has been used by only 6% of females and 33% of males. Though 100% of both females and males know when to take enzymes, the symptoms of not enough enzymes were incorrectly identified by 25% of females and 20% of males.

**Conclusion**: Educational efforts focused on adult nutrition are needed. Existing materials are written with young children or adolescents in mind. As the CF population gets older, age‐appropriate materials that discuss dietary requirements need to be developed. Teaching moments about BMI and food choices should be incorporated into care visits by a multidisciplinary team. Additionally, the care team needs to be aware of how the patient manages nutrition‐related behaviors, both psychosocially and physically. Collaboration with pediatric centers is crucial to ensure the relationship between nutrition and pulmonary function is communicated to both parents and patients prior to transition.
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**PERSPECTIVES OF ADULTS WITH CF, CAREGIVERS, AND RESEARCH TEAM MEMBERS ON COMPENSATION FOR RESEARCH PARTICIPATION**

[Dunn, K.M.]{.ul} ^6^; Hovater, C.^6^; George, C.^6,1^; Polineni, D.^6,2^; Riekert, K.A.^6,3^; Sawicki, G.S.^6,4^; Stark, L.J.^6,5^ *1. Cystic Fibrosis Foundation, Bethesda, MD, USA* *; 2. University of Kansas School of Medicine, Kansas City, KS, USA* *; 3. Johns Hopkins University, Baltimore, MD, USA* *; 4. Boston Children\'s Hospital, Boston, MA, USA* *; 5. Cincinnati Children\'s Hospital, Cincinnati, OH, USA* *; 6. CFFT STRC Steering Committee, Bethesda, MD, USA*

**Background:** The Success with Therapies Research Consortium (STRC) was created to study how to help people with CF and their families better balance completing CF treatments and living life. STRC studies involve different levels of daily effort, risk and reward than traditional clinical drug and device trials.

**Objective:** To gather stakeholder feedback on appropriate compensation levels for STRC studies.

**Methods:** 35 adults with CF, 35 caregivers, and 17 STRC researcher team members (RTMs; eg, principal investigators, research coordinators) completed an online survey about hourly compensation, reimbursement for expenses, and compensation for ongoing consultation. The survey for people with CF and their families was sent to the CF Foundation Adult and Family Advisors network; responses represented 48 different CF care centers. The survey results from RTMs represents 16/21 STRC sites.

**Results:** The majority of adults/caregivers (84%) and RTMs (77%) agreed that \$30/hour is an appropriate compensation rate for STRC studies. For simple studies (eg, a ten‐minute survey), adults/caregivers (79%) and RTMs (82%) agreed that \$10 was appropriate minimum compensation. However, several adults/caregivers preferred \$25, citing existing time burdens, value of their input, and other organizations\' compensation standards. For long or complex studies, most respondents (88% adults/caregivers and 90% RTMs) agreed that additional pay should be considered but were divided between a completion bonus (40% adults/caregivers and 58.8% RTMs) or escalating pay structure (34% adults/caregivers and 12% RTMs). Comments noted that escalating pay might be more effective without penalizing participants who withdraw from a study due to unforeseen illness. Over 70% of respondents agreed participants should be reimbursed for mileage, parking, and meals ‐ even if visits coincide with a clinic visit. 50% to 92% of respondents agreed that a \$30/hour rate was appropriate for research consultants ‐ including serving on a patient and family advisory board ‐ regardless of whether the consultant was a person with CF, caregiver, or RTM. Throughout the survey, comments emphasized the time and financial burden of CF generally and study participation specifically. Compensation for research participation and consultant service was seen as necessary to encourage broader, more diverse engagement in research.

**Conclusions:** Overall, adults/caregivers and RTMs agreed on study compensation parameters. Adults/caregivers stressed that the time and financial burdens of CF should be factored in when considering compensation for study participation. This stakeholder feedback will shape STRC compensation guidelines.

**Funding Source:** Cystic Fibrosis Foundation Therapeutics Inc.

**566**

**REGIONAL VARIATION IN COMPLICATION RATES OF CENTRAL VENOUS CATHETERS IN CF PATIENTS**

May, T.^1^; Black, A.^1^; Gonzalez, K.^1^; Trang, J.^2^; Lahiri, T.^2^; Duarte, C.^1^; Sender, L.^2^; Cornell, A.^3^; Gifford, A.^4^; [Zuckerman, J.B.]{.ul} ^1^ *1. Maine Medical Center, Portland, ME, USA* *; 2. University of Vermont Medical Center, Burlington, VT, USA* *; 3. Oregon Health & Science University, Portland, OR, USA* *; 4. Dartmouth Hitchcock Medical Center, Hanover, NH, USA*

**Objective:** Cystic fibrosis (CF) patients often require intravenous antibiotics for treatment of lower respiratory tract infections using totally implantable venous access devices (TIVADs) and peripherally inserted central venous catheters (PICCs). Complications may be associated with substantial morbidity, and specific patient characteristics or care practices related to complications have not been clearly established. Vascular and infectious complications of TIVADs and PICCs in CF patients have been described primarily in single‐center studies. In this study we examine variation in complication rates within a regional CF consortium.

**Methods:** We conducted a retrospective review of PICCs and TIVADs in both adults and children over an eight‐year period at three CF centers in Northern New England. Demographic factors including genotype, co‐morbid conditions, pulmonary and nutritional status when the line was placed, and microbiology results were collected. Line‐specific information included line type, lumen size, number of lumens, and use of anticoagulation. Vascular complications were defined as line occlusion or venous thrombosis. Infectious complications included blood stream infections and local cellulitis. A survey was administered to attending physicians at each site to assess practice variation. PICC complications were modeled using multilevel logistic regression with line nested within patient. Time to complication was modeled using a Cox proportional hazards regression for patients\' first TIVAD recorded during the study period.

**Results:** Of 592 patients (368 pediatric, 224 adult), 256 had lines in place during the study period. We evaluated a total of 912 lines (851 PICCs, 61 TIVADs). The overall rate of vascular and infectious complications with PICCs was 2.38 events/1000 catheter‐days (TCD) and 0.41 events/TCD, respectively. The overall rate of complications with TIVADs was lower than for PICCs: 0.25 events/TCD and 0.20 events/TCD for vascular and infectious complications, respectively. The median survival of TIVADs was 514 days and did not vary significantly by center, (p=0.85). Interestingly, we observed a range in the overall PICC complication rate per TCD across centers varying from 1.96 to 12.96. We found the probability of a line complication in a treated patient varied across centers (0.026 to 0.141, p=0.001). The physician survey showed inconsistency amongst the three centers for anticoagulation for treatment of thrombosis or prophylaxis for recurrent thrombosis.

**Conclusion:** Use of central venous catheters in CF patients is associated with vascular and infectious complications. The rate of complications per catheter day is higher in PICCs than in TIVADs. We observed significant center effects in complication rates for PICC lines but not for TIVADs and inconsistency in practice patterns between centers for management of thrombotic complications. Tracking complications in the CF Foundation Patient Registry may identify centers of excellence in line management.

**567**

**KEY SELF‐CARE SKILLS FOR TRANSFER IN CF: COMPARING PEDIATRIC AND ADULT PATIENT PERSPECTIVES**

[Brinkman, M.]{.ul}; Saulitis, A.K.; Peterson, S.; Burke, J.; McAndrews, K.K.; McLean, K.A.; Chen, E.; Sharma, G.D.; Balk, R.A. *Rush University Medical Center, Chicago, IL, USA*

**Introduction**: The caregivers are primarily responsible for carrying out the complex daily treatment of a patient with cystic fibrosis (CF) along with ensuring treatment regimens, appointments, prescription refills, and making sick calls. During the transfer to an adult clinic, patients are expected to manage their disease. Discussion of key self‐management skills occurs between caregivers, healthcare providers, and patients. The objective of this project was to compare pediatric versus adult patient ratings of key self‐care skills for transfer.

**Methods**: A "Self Care Skills Worksheet" was adapted from existing tools (Wood D, et al. Acad Pediatr 2014;14:415. Reiss JG, et al. Pediatrics 2005;115:112. Sawicki GS, et al. J Pediatr Psychol. 2011;36:160). The worksheet identified 9 key self‐care skills for transfer readiness, including: 1) contact CF clinic, 2) call provider with unusual/unexpected changes in health, 3) call provider if cannot get prescribed medication, 4) reorder medication before prescription runs out, 5) call provider if cannot/do not get equipment/supplies, 6) call equipment/supplies company with problems, 7) notify provider\'s office with insurance changes, 8) ask provider/staff to clarify when you do not understand, and 9) inform provider/staff when you are uncomfortable. Responses were ranked on a Likert scale: I always do this (4), I am learning to do this (3), I don\'t know how to do this, but I want to learn (2), I don\'t know how to do this (1), I don\'t need to do this (0). The worksheet was administered June‐August 2015 to patients ages 14‐25. A median \[interquartile range\] score for each skill was compared between patients in pediatric vs adult care. A p‐value of 0.05 was utilized to determine significance. We hypothesized that adult patients would endorse higher ratings than pediatric patients.

**Results**: A total of 22 patients completed the worksheet (pediatric=10, adult=12). Four key skills were significantly different (p \< .05) between pediatric and adult patients: call provider with unusual/unexpected changes in health (2.5 \[0, 4.0\] vs 4.0 \[4.0, 4.0\]), call provider if cannot get prescribed medication (1.0 \[0, 2.5\] vs 4.0 \[3.0, 4.0\]), reorder medications before prescription runs out (2.0 \[0, 4.0\] vs (3.0 \[3.0, 4.0\]), and call provider if cannot/do not get equipment/supplies (2.0 \[0.8, 2.3\] vs 4.0 \[3.0, 4.0\]). Scores on the remaining items did not differ between pediatric and adult patients.

**Conclusion**: Pediatric patients self‐rated as lower in four key skill areas, notably in areas requiring communication with health care providers. This highlights the need for transition education to not only focus on self‐management of treatments, but to also teach effective medical communication skills. Future directions include utilizing the self‐care skills worksheet to identify areas of educational need during transition, and retrospective skills building in recently transitioned adults.

**568**

**EFFECTIVENESS OF WEIGHT‐BASED, WEEKLY DOSING OF VITAMIN D3 IN CHILDREN WITH CYSTIC FIBROSIS**

[Lindsay, K.L.]{.ul} ^1^; Revilla, E.^1^; Tangpricha, V.^2^; Stecenko, A.^3^ *1. Egleston, Childrens Healthcare of Atlanta, Atlanta, GA, USA* *; 2. Med., Emory Univ, Atlanta, GA, USA* *; 3. Ped., Emory Univ, Atlanta, GA, USA*

**Background:** The Cystic Fibrosis Foundation (CFF) recommends use of oral vitamin D3 (D3) for all individuals with CF to maintain serum 25‐hydroxyvitamin D (25‐OHD) ≥ 30 ng/mL. Although daily or weekly dosing is suggested, specific doses are only given for daily and are based on 3 age groups (\< 1 year; 1 to 10 years, and \> 10 years). This age‐based dosing for the pediatric population may not be as effective as a weight‐based dosing, as a child may triple their weight between 1 and 10 years, or between 10 years and adulthood. Also, a weekly dose could result in increased compliance and reduced pill burden. Therefore, based on the effectiveness of a weekly dose of 50,000 IU of D3 in adults (Khazai NB, et al. J Clin Endocrinol Metab 2009;94:2037‐43) we calculated a weekly dose protocol for pediatric patients based on weight.

**Objective:** To determine the efficacy of weekly, weight‐based, D3 dosing in maintaining 25‐OHD ≥ 30ng/mL in CF pediatric patients.

**Methods:** We dosed oral D3 weekly per the protocol shown in the Table. We measured 25‐OHD at least annually in all patients, regardless of season. If 25‐OHD was \< 30 ng/mL, we first determined if the patient was compliant with the maintenance dosing regimen. If noncompliant, then 5 daily doses of D3 were given at the same dose as the maintenance dose, then the maintenance dose was resumed. If the patient was compliant, the maintenance dose was increased by 10,000 IU, 5 daily doses of the new maintenance dose were given, and then the new maintenance dose was given weekly. We used only maximum D3 which was independently verified to show that it contains the amount on the label (Tangpricha, unpublished data, 2013).

**Results:** Of the 177 patients who were eligible (eligible = weight ≥10 kg), 160 patients (90%) had a 25‐OHD level done in 2015. Of these patients, 129 patients (81%) were classified as sufficient (25‐OHD ≥30 ng/mL), 22 patients (14%) as insufficient (25‐OHD=20‐29 ng/mL), and 9 patients (5%) as deficient (25‐OHD \<20 ng/mL). Mean 25‐OHD for all patients was 42.0 ng/mL and the range was 9.1 -- 95.4 ng/mL. Of the 31 patients with insufficient or deficient levels, 27 (87%) had a repeat level done, and 20 (74%) achieved 25‐OHD ≥ 30ng/mL. The mean 25‐OHD of these 27 patients increased from 25 to 39 ng/mL.

**Conclusions:** Weight‐based, weekly dosing of vitamin D3 is a safe and effective strategy for maintaining optimal 25‐OHD in pediatric patients with CF. This is evidenced by our data that 81% of our pediatric patients were Vitamin D‐sufficient using our weekly dosing regimen and three‐quarters of the 19% who were insufficient or deficient became sufficient using our daily repletion dose. None of our patients had a 25‐OHD level greater than the recommended maximum of 100 ng/mL.
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**CYSTIC FIBROSIS MEDICATION ADHERENCE MEASURED BY AN INTEGRATED SPECIALTY PHARMACY**

[Schwab, L.]{.ul} ^1^; Zobell, J.^2^; Collingridge, D.^3^; Gregersen, Y.^4^; Russell, H.^5^ *1. Intermountain Specialty Pharmacy, Midvale, UT, USA* *; 2. Intermountain Cystic Fibrosis Pediatric Center, Salt Lake City, UT, USA* *; 3. Intermountain Healthcare, Salt Lake City, UT, USA* *; 4. SelectHealth, Salt Lake City, UT, USA* *; 5. Intermountain Primary Children\'s, Salt Lake City, UT, USA*

**Background:** Intermountain Specialty Pharmacy (ISP) works in conjunction with Intermountain Cystic Fibrosis Pediatric Center to streamline the counseling and delivery process for patients to improve adherence. Barriers to medication adherence for cystic fibrosis (CF) patients include cost, access, and poly‐pharmacy. The primary purpose of this study was to compare medication possession ratios (MPR) pre‐ and post‐implementation of an integrated pharmacy team designated to CF starting on January 1, 2016. The second purpose was to compare hospitalization rates and MPR between ISP and non‐ISP pharmacies for 2015. Dornase alfa was evaluated due to its evidence of increasing lung function in patients (Flume P, et al. Am J Respir Crit Care Med. 2007;176:957‐69).

**Methods:** A retrospective claims analysis was performed for patients filling at ISP in order to calculate MPR pre‐ and post‐January 1, 2016. To be included, patients were pediatric CF patients (\<18 years), had SelectHealth® insurance, and must have had at least one pharmacy claim for dornase alfa in both 2015 and 2016. Patients must been admitted for hospitalization due to a pulmonary exacerbation to be included for the hospitalization analysis. Descriptive statistics will be utilized to describe the characteristics of the CF population. Further analyses will be performed with 2016 data and updated results will be included.

**Results:** Out of the 30 ISP patients identified for MPR evaluation, the mean monthly MPR was calculated to be 91% in 2015 compared to 98% in 2016 (p=0.006). In comparison, the mean monthly MPR for non‐ISP patients was 69% in 2015, compared to 70% in 2016 (p=0.947). A generalized estimating equations (GEE) analysis calculated a statistically significant difference in adherence for ISP vs. non‐ISP patients (p\<0.001). A total of 49 patients in 2015 were identified as having at least one dornase alfa claim in 2015 and 2016; this represents roughly one‐fifth of the CF center\'s population. Of these 49 patients, 16 patients filled at ISP and 33 patients did not fill with ISP. Of the 16 total ISP patients, 6 were hospitalized during 2015 in comparison to 20 out of the 33 non‐ISP patients. The average MPR in 2015 for ISP patients hospitalized was 91% versus 97% for patients not hospitalized. For non‐ISP patients, the average MPR was 66% and 81%, respectively. A Spearman\'s rho test calculated the correlation between average MPR and hospitalizations for ISP patient to be ‐0.341 (p=0.052).

**Conclusions:** In terms of adherence, the study demonstrated that ISP patients are 5.8 times more likely to take their medications as directed in comparison to non‐ISP patients. Although the correlation between MPR and hospitalization with ISP patients was not statistically significant, a trend was noted. As MPR increases, hospitalizations were noted to decrease, as expected. A dedicated integrated pharmacy team specific to managing CF increases medication adherence, and appears to result in a decrease in hospitalizations compared to patients filling at a non‐specialty pharmacy.
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**DOES A FINANCIAL INCENTIVE TO ATTEND QUARTERLY APPOINTMENTS IMPROVE CF CLINIC VISIT COMPLIANCE?**

[DuBose, L.]{.ul}; Peace, R.; Clarke, C.; Gaffney, C.; Snodgrass, S.M. *Pediatric Pulmonology, Greenville Health System, Greenville, SC, USA*

**Background:** The Cystic Fibrosis Foundation guidelines recommend quarterly CF clinic visits for ongoing multidisciplinary evaluations, close surveillance, and early interventions in exacerbations and other complications. Our center serves the upstate of SC, and portions of NC and GA. We believe distance to our center, cost of gas, appointment availability, no shows, excessive appointment duration, communication barriers, and low socioeconomic status have contributed to a decline in quarterly visits noted in previous years. This also adversely affected collection of annual labs, PFTs, and surveillance cultures. This trend was an identified area for improvement as part of our ongoing center QI assessment, and in review of center‐specific registry data, specifically in patients aged 7‐17 years. We believe this was one factor in inhibiting our ability to deliver timely and high quality CF care.

**Objective:** To establish a QI project testing our hypothesis that offering a \$50 gas card when 4 quarterly visits were completed would increase appointment compliance and improve resultant collection of cultures, PFTs, and our center data sets.

**Methods:** A QI project was developed including clerical staff involvement and all clinical CF team members. Patients who were already receiving care as of January 1, 2015 and continued to receive care through December 31, 2015 were included. We utilized our website, quarterly newsletters and clinic staff to educate our families about why clinic visits and early intervention were so important. This had been occurring regularly, but an increased emphasis was placed on this and a more systematic review process was put in place at our regular CF team meetings. A punch card was also used to track visits and included review with patients and families. Our social worker and clerical staff worked closely to schedule and reschedule patients that were not meeting their quarterly visit goals. Case management of high risk families began to occur at a much higher rate as appointment compliance became a part of our team meeting discussions. We also placed greater emphasis on scheduling some patients more frequently to account for a missed visit. Scheduling also occurred with more flexibility for CF clinic slots.

**Results:** Our center specific data for patients aged 7‐17 years with 4 visits, 4 cultures and 2 PFTs improved as follows: 12.5% in 2010, 12.5% in 2011, 28.6 % in 2012, 58.6% in 2013, 66.7% in 2014 and 94% in 2015.

**Conclusion:** A QI project focused on improving regular visit compliance that included a financial incentive was very effective in improved center‐specific registry outcomes. In reflecting, CF team behaviors and discussions changed markedly during this QI project in a way we believe was highly impactful, likely more so, in addition to the offered financial incentive. We also anticipate this will be a positive and sustained cultural change within our center. Other unanticipated effects included increased budgeted hours for SW and a more regular and structured weekly CF team meeting. While we know anecdotally the that monetary reward was a factor for change, future use of this is not guaranteed, or may be targeted to the most in need and high risk.

**571** **▴**

**PREVENTING CRITICAL CARE TRANSFERS FOR ANTIBIOTIC DESENSITIZATION TO IMPROVE PATIENT AND STAFF SATISFACTION**

[Wesson, S.J.]{.ul}; Smith, E.; Egener, N. *National Jewish Health ‐ Saint Joseph Hospital, Denver, CO, USA*

**Background:** Patients with cystic fibrosis (CF) receive many antibiotics throughout their lifetime to treat pulmonary infections. Over time, they can develop allergies to antibiotics that may be considered optimal for effective treatment. Patients with history of type‐I hypersensitivity reaction to an antibiotic can be desensitized to that drug if clinically necessary. Desensitization induces a temporary immune‐tolerant state, allowing for safe administration of the allergenic medication until scheduled doses are stopped. It is accomplished by administering increasing doses until the therapeutic dose is reached and tolerated. Due to risk for allergic reaction during this process, 1:1 nursing care is necessary. However, severe reactions are rare (Legere H, et al. J Cyst Fibros. 2009;8(6),418‐24). CF patients are traditionally transferred to the intensive care unit (ICU) for this procedure and once completed, move back to the pulmonary unit (PU). This process was noted to cause delays in patient care, decreased patient and staff satisfaction, increased risk for handoff errors, and misuse of ICU resources.

**Purpose:** The purpose of this project is to allow CF patients to remain on the PU for desensitization when clinically appropriate. With this process change, we aim to expand nursing skills, improve patient and staff satisfaction, maintain patient safety, and retain successful outcomes.

**Methods:** In collaboration with PU hospitalists, a non‐ICU protocol for antibiotic desensitization was developed. It includes an order to call rapid response for a severe reaction. Patients must have had a prior successful desensitization to the drug to desensitize on the PU. Staff nurses are trained by shadowing a desensitization in ICU and completing a skill check off with a competent nurse. A post‐implementation survey of was utilized to evaluate the effects of this change on staff and patient satisfaction. Results from a staff satisfaction survey issued prior to the process change were utilized for comparison. Participating patients were interviewed. Outcomes of ICU vs PU desensitizations were reviewed for potential outcome differences.

**Outcomes:** The process change took effect in March 2016. By the end of April 2016, four patients had been desensitized on the PU. One patient was desensitized in ICU per developed criteria. All five were successful with no moderate or severe reactions. All four patients desensitized on the PU had been desensitized in ICU on prior admissions. All participating patients had a positive response when asked their opinion about the process change. Seven PU nurses completed training. They report feeling nursing skills have been elevated. The staff felt this was a positive change in process for desensitizing. Nurse satisfaction survey response to the question "my job makes good use of my skills and abilities" went from 83% favorable to 100% favorable post‐implementation.

**Conclusions:** This project resolved many delay issues due to beds/staff limitations, patient care transfers, and handoffs. Overall, the change has been a success demonstrated by consistent patient outcomes, positive patient response, and increased staff satisfaction.

**572**

**ANALYSIS OF AN ADULT CYSTIC FIBROSIS (CF) PROGRAM TEAM STRUCTURE AND THE PATIENT/TEAM INTERFACE**

[Loveless, M.O.]{.ul} ^1^; Allada, G.^2^; Satcher, V.^2^; Block, R.^3^; Gold, J.A.^2^ *1. Public Health, Oregon Health & Science Univ., Portland, OR, USA* *; 2. Medicine, Oregon Health & Science Univ., Portland, OR, USA* *; 3. MNR Analytics, Portland, OR, USA*

**Background**: Quality of care for adults with CF is dependent on the effectiveness of specialized interdisciplinary teams. Understanding how the structure and function of individual teams affects the interface of CF patients may explain some of the variance in patient outcomes. Applied network analytics provides tools for qualitative and quantitative assessments of CF teams and the patient‐team interface. In a single‐site CF program we field‐tested a novel network mapping tool to assess process measures, workflow analysis and the patient interface.

**Method**: The study site was a university teaching hospital with a regional outpatient CF clinic and a hospitalist‐led inpatient care team model supported by consulting pulmonary faculty and fellows (with or without CF specialists). Outcome data from the CF registry and unit‐specific quality improvement projects were reviewed. Patient value stream graphics (inpatient and outpatient) were created and critical workflows related to specific quality measures were analyzed. The medical team survey was completed by 119 hospital personnel involved in inpatient CF care and 24 CF outpatient clinic personnel and network graphics and network descriptive analytics were created using Gephi O.8.1. The patient‐team interactions were evaluated with a supplemental survey of 30 patients in the OP clinic.

**Results**: The surveys of the healthcare teams had a high response rate (est. 50% inpatient, 86% outpatient). The network map demonstrated the inter‐relations of the outpatient team and inpatient service and several critical roles were identified (pulmonary fellow, resident, CF nurse practitioner). The patient survey revealed patient dependence on key personnel, especially the CF care coordinator. Standard descriptive network statistics (density, centrality) were generated.

**Conclusion**: A clinical microsystems network mapping approach for evaluating the functional structure of individual CF teams is feasible, potentially scalable and may help CF teams wishing to better align resources and improve communication. Mapping made the complexity of CF care explicit, especially the risk of communication errors, and could benefit programs that operate with two medical teams (inpatient and outpatient) and depend on personnel with variable expertise in CF patient care.

**Support**: NCFF grant.
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Fig. Inpatient CF team map and key interactions
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**AN UPDATE ON THE NATIONAL DEPLOYMENT OF THE CF PATIENT AND FAMILY EXPERIENCE OF CARE SURVEY**

[Homa, K.]{.ul} ^1^; Sabadosa, K.^2^; Lomas, P.H.^3^; Marshall, B.^3^ *1. Consultant, Orford, NH, USA* *; 2. The Dartmouth Institute for Health Care Policy & Clinical Practice, Lebanon, NH, USA* *; 3. Cystic Fibrosis Foundation, Bethesda, MD, USA*

**Background:** Measuring and improving patient experience is a growing trend in health care. In 2011 the Cystic Fibrosis Foundation supported the development and validation of a national CF Patient and Family Experience of Care Survey. Between 2012 and 2014 the survey was implemented at care centers undergoing re‐accreditation. In 2015 the survey was updated and all care centers were invited to participate in the national deployment with the purpose of providing an opportunity for people with CF and family members to give feedback about their experience of care.

**Objective:** To give an update on the national deployment and report survey findings between January 2015 and April 2016.

**Methods:** A total of 276 CF programs (pediatric, adult, and affiliates) were invited to join the national deployment. There are 2 versions of the survey: Pediatric (parent or caregiver of a child with CF) and Adult (person with CF 18 years and older). In 6‐month intervals, following a clinical care encounter to an accredited program, a letter or email is sent to the parent or the adult with CF to invite him/her to complete a survey. Data were analyzed using the top box approach (% of respondents selecting the positive response choice or choices). Comparing programs\' results was done using variance component analysis to establish program standard deviation for each survey question and comparison was made with the 50th percentile comparative value.

**Results:** Out of the 276 programs, 164 CF programs (59% of total) are deploying the survey. In January 2015, 45 programs started collecting surveys; as of April 2016, 104 programs are collecting data (63% of programs agreed and 38% of total). Across the participating programs, 11,054 people with CF were invited to compete a survey and 3,417 responded (response rate of 30%). Results were similar between pediatric and adult respondents for many survey questions. Three questions from the domain of experience with care team had the best results: Courtesy and respect (93%), Easy to understand explanations (92%), and Spent enough time (92%). Some of the lowest reported experiences were asking about mental health (50%), being able to maintain body weight (64%), and knowing whether you were 6 feet from another person with CF (66%). Areas of significant difference between pediatric and adult respondents include pediatric report more visits to their CF center (84%, 4 or more visits per year vs. 72%), ACT treatments working (84% vs. 68%), and being able to manage CF (90% vs. 78%).

**Conclusion:** The results from the national CF patient and family experience care survey show CF program strengths as well as improvement opportunities. As more programs deploy the survey and track results, there are a number of strategies to improve experience of care promoted by national patient experience institutions: cultivating respectful partnerships; establishing infrastructure to support and engage all stakeholders; encouraging all stakeholders---patients, providers, institutional leaders---to review results; leveraging social media and networks to build a culture of improvement and participation; and benchmarking with programs exceling at experience of care.

**574**

**IMPLEMENTATION OF A FEEDBACK SYSTEM TO REPORT THE RESULTS OF THE CF PATIENT AND FAMILY EXPERIENCE OF CARE SURVEY**

[Homa, K.]{.ul} ^1^; Sabadosa, K.^3^; Lomas, P.H.^2^; Marshall, B.^2^ *1. Consultant, Orford, NH, USA* *; 2. Cystic Fibrosis Foundation, Bethesda, MD, USA* *; 3. The Dartmouth Institute for Health Care Policy & Clinical Practice, Lebanon, NH, USA*

**Background:** People with CF and their family members bring their own point‐of‐view and expertise to a clinical encounter and they also provide valuable reflections and insights into their working relationship with the healthcare team, fresh eyes to the process of care delivery, and knowledge about managing their disease. Measuring patient and family experience of care can reveal which care processes at a CF clinic are working well and which can be improved. In January 2015 all accredited CF care centers (276 pediatric, adult and affiliate programs) were invited to participate in the national deployment of the CF patient and family experience of care survey. The survey is designed as a continuous data collection to enable programs to measure and monitor the experience of care over time and compare their results with other CF programs. A feedback system was implemented to enable teams to review results, plan future improvement work, and evaluate the impact of their work.

**Objective:** To share the roll‐out of a feedback system between January 2015 and April 2016.

**Methods:** In collaboration with vendor partner, Quality Data Management, an on‐line reporting tool was developed using their established tool Quality Desktop^TM^ (QD). QD provides 3 types of data displays: thermometer (results in comparison to others), bar chart of the distribution of the question\'s responses, and statistical process control charts. Additionally, comments to open‐ended questions can be reviewed. Between January 2015 and July 2015, 45 programs collected 820 *pediatric* (parent or caregiver of child with CF) and 529 *adult* (people with CF 18 years and older) questionnaires, which created a benchmark cohort. A 50th percentile comparative value was calculated for each survey question and variance component analysis established a program standard deviation used for program comparison. QD was available to programs in September of 2015 after attending a QD training session.

**Results:** The benchmark dataset was updated in February 2016 (1579 pediatric and 738 adult respondents). As of April 2016, 89 people from 59 programs received QD training (need at least 15 respondents). People have accessed QD an average of 5 times. QD can be accessed anytime although user feedback indicated that it took too much time to review all the information. In response a push report ‐ a low‐tech paper version of the results ‐ was drafted in February 2016 and sent to 6 CF programs and a 2nd version was sent to 20 CF programs. At the request of programs, the latest push report includes program variation charts, data over time, and verbatim comments from patients and families. In April 2016, 67 programs with 15 or more respondents were emailed their program\'s push report.

**Conclusion:** Feedback from CF programs was crucial in developing meaningful push report from the patient and family experience of care survey data. Much is unknown about how CF programs are using QD and the push report to celebrate positive program attributes and to strategize about how to improve processes of care that patients are reporting as being less than ideal.

**575**

**IMPROVING VITAMIN D LEVELS IN CYSTIC FIBROSIS PATIENTS IN KALAMAZOO, MI**

[Gregoire‐Bottex, M.]{.ul} ^1^; Hollenbeck, P.^1^; Anjorin, N.^1^; Bonnema, S.^2^ *1. Pediatrics and Adolescent Medicine, Western Michigan University School of Medicine, Kalamazoo, MI, USA* *; 2. Nutrition, Bronson Methodist Hospital, Kalamazoo, MI, USA*

**Background:** Vitamin D deficiency has a prevalence of up to 90% in patients with cystic fibrosis (CF) due to malabsorption, decreased UV light exposure, and poor intake. Deficiency causes poor bone health, reduced lung function and increased pulmonary exacerbations. In 2012, the CF Foundation adopted new guidelines following evidence that prior recommendations were insufficient at maintaining normal serum 25‐hydroxyvitamin D (25(OH) D) levels (Tangpricha V, et al. J Clin Endocrinol Metab. 2012;97(4):1082‐93).

**Objectives**: Only 7.7% of CF patients at our center had a normal 25(OH) D) in the first quarter Q1 2014 (13% Q1/Q2 2014). Therefore in June 2014, we began a process improvement to enhance monitoring, assessment, and treatment of inadequate vitamin D levels in patients with CF. The aim was to have 75% of CF patients consistently maintain a normal 25(OH)D).

**Methods:** The CF team reviewed the literature and the guidelines, attended sessions on motivational interview, focused on adherence and administration of medication, visits scheduled ahead of time, pharmacist provided prepackaged medication (MedPack) and 25(OH)D results and dose adjustment mailed to patients/parents. Data on 25(OH)D levels was abstracted from patient records between Q1 of 2013 to Q4 of 2015. SAS 9.4 was used for all analyses and graphic generation.

**Results:** The quality improvement intervention ran for 18 months and resulted in the proportion of patients with adequate 25(OH)D levels increasing from 7.7% (n=2) in Q1 of 2014 (13% Q1/Q2 2014) to 60.7% (n=15) in Q1 of 2015 (64% Q1/Q2 2015). Although we did not reach our goal of 75% in Q1 of 2015, of all patients tested in Q4 of 2015 (n=8) 100.0% had a normal level. Children with deficient levels of 25(OH)D were only observed in Q4 2013 and Q1/Q2 2014. Of the patients with a normal level in 2013 (n=16), only n=2 (12.5%) \[95% CI: 0.0%, 28.7%\] of these 16 children had maintained normal 25(OH)D levels at their Q1 2014 testing, confirming the fact that 25(OH)D replenishment is transient.

**Conclusion:** Ongoing monitoring, data collection, teaching and process evaluation are important for continued improvement due to the many factors affecting 25(OH)D vitamin D levels in patients with CF. The most important factors for our improvement was reduced staff turnover, follow‐up assigned to CF dietician, stricter monitoring, using higher vitamin D3 doses and addressing adherence with MedPack and reminders.
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**IMPROVING THE QUALITY OF ONCE‐DAILY TOBRAMYCIN THERAPEUTIC DRUG MONITORING IN CYSTIC FIBROSIS**

[Kubiak, S.]{.ul} ^1^; Stitt, G.^1^; Jones, S.^1^; Wong, A.^1^; Berger, R.^1^; Abdulrazak, N.^1^; Roboff, J.^1^; Uluer, A.Z.^1,2^ *1. Boston Children\'s Hosp., Boston, MA, USA* *; 2. Brigham and Women\'s Hosp., Boston, MA, USA*

**Introduction:** Once‐daily tobramycin (ODT) is often used for acute pulmonary exacerbations (APEs) from gram‐negative organisms in CF. Due to ODT\'s narrow therapeutic index, our institutional practice is to monitor peak and trough serum concentrations as markers of efficacy and toxicity. Data suggest current target serum trough concentrations may be excessive and area under the concentration‐time curve (AUC) monitoring may be more predictive of ODT exposure (Begg E, et al. Br J Clin Pharmac. 1995;36:605‐9). Further data found that AUC values are frequently elevated despite trough levels of \<1mg/mL (Coulthard K, et al. J Cyst Fibros. 2007;6:125‐30). We initiated a quality improvement pilot to evaluate the precision of these reported values vs. calculated pharmacokinetic (PK) parameters of 1‐hour (hr) peak and 24‐hr AUC to assess the accuracy of ODT monitoring in CF at our institution.

**Objective:** The primary objective was to evaluate the accuracy of traditional peak and trough monitoring for ODT at our institution by comparing reported values to calculated PK values. The second objective was to determine if peak and trough measurements within goal range correlated to goal AUC.

**Methods:** From 5/2015‐3/2016, reported peak and trough levels were compared to patient‐specific PK calculations of peak and AUC measurements in adult patients with CF who were initiated on ODT as part of their antibiotic regimen for treatment of an APE. Troughs were obtained immediately prior to the 2nd dose, and peaks were scheduled 30 min after the 30‐min infusion of the 2nd dose. A random level was scheduled 6 hours after the 2nd dose. Peak and AUC values were calculated using the 1‐hr and 6‐hr levels. Goal serum concentrations were 1‐hr peak 20‐40mg/L, 24‐hr trough\<1mg/L, and 24‐hr AUC 80‐105\[(mg\*hr)/L\].

**Results:** We evaluated 27 discrete courses of ODT in 21 patients. Based on calculated PK parameters (AUC 80‐105\[(mg\*hr)/L\] and peak 20‐40mg/L), 8 (29.6%) were therapeutic. Of these 8 cases, 7 (87.5%) appeared therapeutic based on reported peaks and troughs. Of the 27 courses, 16 (59.3%) were supratherapeutic based on calculated PK parameters (peak \>40mg/L and/or AUC \>105\[(mg\*hr)/L\]), but only 2 (12.5%) had reported peaks indicating supratherapeutic dosing. Based on calculated PK parameters, 3 of the 27 courses (11.1%) were subtherapeutic (peak \<20mg/L and/or AUC\<80\[(mg\*hr)/L\]). Reported peaks reflected subtherapeutic doses in 2 out of 3 courses (66.7%). All patient courses maintained troughs \<1mg/L. Of 27 evaluated courses of ODT, 16 cases (59.3%) appeared to be within goal range based on reported peak and trough measurements, but were not within goal range when PK parameters of peak and AUC were calculated. A trend towards potential nephrotoxicity (SCr increase ≥0.2mg/dL from baseline) was seen in patients who had troughs ≥0.2mg/L and AUC \>105\[(mg\*hr)/L\].

**Conclusions:** Compared to calculated PK values, reported peaks and troughs in patients receiving ODT are not accurate monitoring parameters of drug exposure and clearance. In order to ensure accurate assessments of efficacy and toxicity, the use of patient‐specific PK calculations should be the standard of care in monitoring patients on ODT.

**577**

**COMPARISON OF CLINICAL RESEARCH COORDINATION TRAINING AT SINGLE INSTITUTION VERSUS CF CENTER**

[Thaxton, A.]{.ul} ^1^; Allgood, S.^1,2^; Koerner, O.^1^; Nasatka, S.^1^; West, N.E.^1^ *1. Sch of Medicine, Johns Hopkins Univ, Baltimore, MD, USA* *; 2. Sch of Nursing, Johns Hopkins Univ, Baltimore, MD, USA*

**Introduction:** The aim of this qualitative study was to assess the training of Johns Hopkins University Medical Institutions (JHMI) Research Coordinators (RCs) and the perceptions of their training experience compared to cystic fibrosis (CF) RCs within the CF Foundation (CFF) network. Study coordination is a multifaceted job vital to the clinical research industry, yet across institutions there is a lack of standardized education and training to prepare these invaluable study team members for their role. There have been successful efforts to close this gap between adequate preparation and disproportionate expectations of RCs. The Johns Hopkins (JH) Study Coordinator Apprenticeship and Mentoring Program is a hallmark of this work towards standardizing RC education and training. The CFF provides similar mentoring programs and training resources to CF study teams. Further assessment of RC training experience is needed to shape such program objectives.

**Methods:** This qualitative study evaluated JHMI research team training experience and perceptions through electronic survey. The survey was e‐mail delivered via Qualtrics, an online survey software. The survey questions explored areas such as training, job description, length of employment, and perceptions of preparation for the RC role. This study was approved by the JH Institutional Review Board. Data analysis was aided by Qualtrics. The same survey will be distributed through the CFF network.

**Results:** The survey was completed by 157 JHMI research team staff. Over 80% of JHMI respondents felt they need additional training to perform in their role, and identified barriers such as lack of specific training availability and protected time allotted to complete such trainings. Although the majority of respondents prefer in‐person interactive workshops for training, there is minimal variance among reports of receiving in‐person training during the early stages of employment. JHMI\'s RC Training Program (RCTP) serves to train and educate research teams through in‐person interactive workshops, yet 68% of respondents have not completed the RCTP. Additionally, there were over 10 official job titles for those who perform RC responsibilities and the majority of respondents have been research staff at JH for 1‐3 years. This lack of standardization among job titles is a barrier to staff receiving appropriate training as some job titles do not reflect RC responsibilities.

Collection and analysis surveying RCs of the CFF network is ongoing and results will be available in July. We expect to identify common and discordant themes among the training and perceptions of JHMI RCs and CFF RCs.

**Conclusions:** Results of the JHMI RC group survey piqued interest of JHMI leadership in determining a correlation between staff who obtained certification and whether or not certification self‐motivated them to seek out and obtain additional training and education.

Understanding RC training experience and perceptions will inform the direction of JH Study Coordinator Apprenticeship and Mentoring Program, CFF RC Training initiatives, and other institutions\' attempts at standardizing RC education and training---ultimately closing the gap between preparedness and responsibilities.

**578** **▴**

**IMPROVING SELF‐MANAGEMENT IN CLEANING EQUIPMENT IN 10‐13 YEAR OLDS WITH CF**

[Browning, G.]{.ul}; Cooley, R.; Stamper, S.; Filigno, S.S.; Miller, J.L.; Moore, S.; Mullen, L.; Siracusa, C.; Weiland, J.; Burns, L.A. *Pulmonary, Cincinnati Children\'s Hospital Medical Center, Franklin, OH, USA*

**Background:** The extension in the lifespan of cystic fibrosis (CF) patients has led to the importance of pediatric providers and centers to begin priming patients at a young age to learn how to care for themselves in preparation for their transition to an adult health care system. A successful transition requires patients to learn skills necessary for self‐management, self‐advocacy, and health care decision making. A way these skills are typically assessed is through a transition‐readiness assessment (TRA) and at our CF center one of the biggest disparities was the knowledge of cleaning and sterilizing airway clearance equipment (CSACE). A quality improvement (QI) approach was utilized to focus on this self‐management skill to gradually develop appropriate goals between the respiratory therapist (RT), patients, and their caregivers as a collaborative team.

**Methods:** A Key Diagram Driver (KDD) and process flowchart were developed to organize and implement this QI project for patients ages 10‐13 years and their caregivers. An 8‐item survey was created to obtain baseline information on the families\' barriers to CSACE, who is primarily responsible, and how often the patient is involved in the process. Assessment checklists were created as a method to continually evaluate the knowledge of the techniques used in the household to properly CSAC equipment. A handout with the proper cleaning and sterilizing steps was produced for the families as an easy reference to use at home for further practice. A demonstration video was recorded by a patient at our CF center as a way to illustrate to the other age‐appropriate patients that they too have the ability to learn this self‐management skill. After a successful trial with 2 eligible patients the following process was implemented: Visit 1) baseline survey, assessment, and education; Visit 2) re‐assessment, re‐education, and demonstration video; Visit 3) re‐assessment, re‐education, and patient\'s own demonstration video reviewed by the RT for inaccuracies; and Visit 4) an annual re‐assessment.

**Results:** Baseline data have been collected on 42 patients and it is expected a few additional patients\' data will be obtained along with those patients\' Visit 2 prior to October 2016. The proposed outcomes include: 1) ranking list of barriers from the baseline survey; 2) increased assessment scores; 3) knowledge and skill set maintained annually; 4) improve effective partnerships and engagement with RT, patients, and caregivers; and 5) decrease the CSACE disparities on the TRA.

**Conclusion:** Increased attention and awareness to properly CSACE, with systematic teaching for all patients and caregivers, will encourage greater independence and knowledge. Immediate hands‐on feedback helps reinforce learning and promotes behavior change as well as encourages an effective partnership with the patients and their caregivers. An improvement of knowledge and skills has begun to be seen in the patients that have completed Visit 2 indicating the possibility of impacting the patients\' score on the TRA.

**579**

**QI: FROM NEWBORN SCREEN TO SWEAT CHLORIDE TEST: STRATEGIES FOR SPEEDIER DIAGNOSIS**

[Brozik, E.]{.ul}; Webb, B. *Pediatrics, West Virginia University Medicine, Morgantown, WV, USA*

**Introduction:** Early diagnosis of cystic fibrosis is crucial to improving outcomes. With the implementation of newborn screening (NBS), the prospect of early diagnosis has become a reality. The corollary to NBS is performing the sweat chloride test as early as possible. In 2015, our CF center had an average 17‐day delay between notification of NBS result and an appointment for sweat chloride test.

**Background:** In West Virginia, the primary care physician (PCP) has historically been responsible for notifying the CF center once they receive an abnormal NBS result. Once the center is notified, the sweat chloride test is coordinated with the lab and the patient\'s family. A closer look at this process revealed several barriers to timely sweat chloride testing.

**Objective:** Decrease the time interval between a positive NBS result to sweat chloride testing so the average age of the patient at time of testing falls within the Cystic Fibrosis Foundation guidelines of within 2‐4 weeks of birth.

**Methods:** We worked with the West Virginia State Lab to have them notify our center of abnormal NBS results at the same time the PCP is notified. It was then planned that the nurse coordinator would contact both the PCP and family directly to discuss the result and schedule the sweat chloride test, genetic counseling and follow‐up with a CF attending physician. We also incorporated six reserved sweat‐testing slots with physician follow‐up each week. We tracked the following data: 1) demographics; 2) date NBS resulted; 3) date NBS received from lab; 4) date result discussed with PCP; 5) date result discussed with family; 6) date patient scheduled for sweat chloride.

**Results:** The average delay between a positive NBS and a sweat chloride test decreased from 17 days to 10 days. The average time from birth to a sweat test decreased from 36 days to 26 days.

**Conclusions:** State lab notification to our CF center of positive NBS results contributed to a decreased interval time between a positive NBS and a sweat chloride test. Our state has recently increased the number of nurses handling NBS so this may decrease the interval between the time a test is resulted to the time we are notified of it. Further improvement may be attained with an increase in availability of sweat chloride test/provider appointments. Currently, our on‐call physicians staff all of these patients. However, the addition of an Advanced Practice Provider to our center will allow for increased availability. A final barrier continues to be access to care and transportation as some families cannot coordinate travel despite their best efforts. The issue continues to be an ongoing effort as we work to diagnosis our patients as quickly as possible.

**580**

**PEOPLE WITH CF AND FAMILY MEMBERS ARE NOTICING THE ASKING ABOUT MENTAL HEALTH**

Homa, K.^2^; [Sabadosa, K.]{.ul} ^1^; Lomas, P.H.^3^; Ashare, A.^4^; Dowd, C.G.^3^; Marshall, B.^3^ *1. The Dartmouth Institute, Lebanon, NH, USA* *; 2. Consultant for CFF, Orford, NH, USA* *; 3. Cystic Fibrosis Foundation, Bethesda, MD, USA* *; 4. Dartmouth Hitchcock Medical Center, Lebanon, NH, USA*

**Background:** The International Committee on Mental Health in CF published clinical practice guidelines for screening and treating depression and anxiety on behalf of the US CF Foundation (CFF) and the European CF Society (Quittner AL, et al. Thorax. 2016;71:26‐34). To jump‐start implementation of the guidelines the CFF awarded funds to 84 accredited programs to support the role of a mental health (MH) coordinator (MHC) in January 2016. National CF patient and family experience of care survey data are being collected at 35 of these programs. A question about MH is included in the survey: "During your most recent visit, did the heath care team ask about your mental or emotional health?" The survey invitation is sent every six months to patients and families.

**Objective:** To detect initial MH process improvement using data from the CF patient and family experience of care survey.

**Methods:** National deployment of the CF patient and family experience of care survey began in January 2015. There are 104 accredited programs participating as of April 2016 and on average 50 respondents (SD = 19) per week with a total of 3417 respondents. A total of 3151 respondents answered the MH survey question. The 3 response choices include: Yes definitely, Yes somewhat, and No. Percentage of respondents selecting "Yes definitely" was examined in a statistical process control (SPC) chart for 2 groups of programs: the 35 programs receiving MHC funding and 69 programs not participating in the MHC intervention. A chi‐square test was used to determine whether a program\'s result significantly increased. Programs that had a significant improvement were asked about initial implementation strategies.

**Results:** The SPC chart for the 35 programs with MHC funding showed a significant improvement in respondents reporting being asked about MH from 46% to 62% coinciding with the start of the funding (beginning of year 2016). The SPC chart for the 69 programs without funding for a MHC showed only random variation in which 50% of the respondents were asked about MH. Although some programs had too few respondents for a reliable chi‐square test, 3 programs with MHC funding had a significant increase (p\<0.05) from 36% to 63%, from 41% to 64%, and from 43% to 73%. Strategies reported were: a general increased attention to MH or being more diligent about asking patients and families to complete a MH screen.

**Conclusion:** The CF patient and family experience of care survey provides data to track the early progress of accredited programs implementing the MH care guidelines. Patients and families are reporting attention to addressing MH during clinical encounters. As the role of the MHC is further developed within the context of CF care delivery, continual monitoring of results from the CF patient and family experience of care survey may signal further improvements in MH care. More MH data will become available to supplement survey data as screening rates and other MH questions will be captured and reported from the CFF Patient Registry.

**581**

**RELATIONSHIPS BETWEEN DEPRESSION AND HEALTH OUTCOMES AND TRENDS OVER TIME IN INDIVIDUALS WITH CF**

[Frederick, C.A.]{.ul} ^1^; Fries, L.M.^1^; Roach, C.M.^2^; Cogswell, A.^3^; Smith, B.A.^4^ *1. Pulmonary, Women & Children\'s Hospital of Buffalo Lung and Cystic Fibrosis Center, Buffalo, NY, USA* *; 2. Pulmonary, University Pediatric Associates, Buffalo, NY, USA* *; 3. Pediatrics, SUNY at Buffalo, Buffalo, NY, USA* *; 4. Psychiatry, SUNY at Buffalo, Buffalo, NY, USA*

**Introduction:** Depression in CF is associated with adverse health outcomes such as lower FEV~1~ (Fidika 2014, Ploessl 2014), lower BMI (Snell 2014), and vitamin D deficiency (Smith 2014). For these reasons, the International Committee on Mental Health in Cystic Fibrosis published a consensus statement including the recommendation for routine depression screening (Quittner, 2015). In 2013, the CF Center at the Women & Children\'s Hospital of Buffalo began routine depression screening. We previously evaluated health outcomes related to incidence of depression and hypothesized that rate of decline of health outcomes since our screening initiation would be worse in depressed individuals. We evaluated the effect of depression on patient health outcomes including FEV~1~ % predicted, BMI, 25‐OH D levels and hospitalizations.

**Methods:** Individuals with CF, ≥12 years old, were assessed annually from 2013‐2015 for symptoms of depression using the Patient Health Questionnaire‐2 (PHQ‐2). If the PHQ‐2 score was ≥ 3, the PHQ‐9 was used to screen for additional symptoms, depression severity and suicidality. Patients who screened positive for depression received further assessment and intervention based on severity. Health outcome measures (FEV~1~% predicted, BMI, 25‐OH D) at the time of annual screening and incidence of hospitalization in the year prior were recorded.

**Results:** Data from 2015 screening showed 11 of 77 adults (14.3%) and 7 of 23 teens (30.4%) screened positive for depression. There was no difference in FEV~1~ % predicted in adults who screened positive for depression vs. those who did not (67.6 vs 65.9%). Mean FEV~1~% predicted was lower in teens who screened positive for depression vs. those who did not (62 vs 97.4%, p \<0.01). There was no significant difference in mean BMI in adults (24.4 vs 23.4 kg/m^2^) or BMI percentile in teens (45th vs 55th) who screened positive for depression vs. those who did not. Lower vitamin D was measured in individuals who screened positive for depression vs. those who did not (30.5 vs 36.1, p\<0.05). Increased incidence of hospitalization was noted in screen‐positive teens (71.4% vs. 25%, p=0.04), however this finding was not present in adults. Longitudinally, from 2013 to 2015, combined data was analyzed. Predicted FEV~1~% decline was significantly greater in individuals who screened positive for depression vs. those who did not (mean FEV~1~ 73.6 to 64.2% vs. 71.4 to 70.2%, p=.03). No significant changes in BMI were measured over time. Lower vitamin D levels remained present in screen‐positive individuals but did not change over time.

**Conclusion:** Depression screening in CF is relevant to important health outcomes. Over 3 years, lower FEV~1~ % predicted was consistently found in depressed teens. Over time, a strikingly steeper decline in FEV~1~ was seen in adults and teens who screened positive for depression. These findings support the recommendation to screen and treat for depression in CF as education and treatment may potentially impede lung function decline and improve health outcomes.

Funding: CFFT grant SMITH14QI0.

**582**

**MULTIDISCIPLINARY APPROACH TO IMPROVE INPATIENT CARE**

Southard, R.; Rioux, L.; Cullinan, M.; Merritt, K.; Horvath, M.; Iezzi, S.; Rightmer, N.; Robaczynski, C.; Assis, D.; Britto, C.; Talwalkar, J.; [Koff, J.]{.ul} *Yale University, New Haven, CT, USA*

**Background:** Hospital admissions are an important part of patient care, and successful admissions require a multidisciplinary approach that provides consistent care. Patients from Yale University\'s Adult Cystic Fibrosis Program are admitted to Yale New Haven Hospital (YNHH), a large academic teaching hospital. Because of variable patient experiences during hospital admissions, we identified a need to standardize care for all adult cystic fibrosis hospitalizations.

**Methods and Interventions:** Beginning in 2012, the Adult Cystic Fibrosis (CF) Team began a quality improvement project that focused on standardizing the delivery of inpatient care. First, the outpatient CF Team worked with inpatient colleagues to implement standardized care. For nutrition, the adult ideal body weight equation was adjusted to include a disease‐severity factor. For airway clearance therapy (ACT) CF center respiratory therapists (RTs) provided re‐training to all hospital RTs for ACT modalities and inhaled medications (this recently included IPV). For pulmonary exacerbations, the inpatient ACT goal became 6 h/day. Hospital implementation of EPIC electronic medical record (EMR) allowed for a standard order set. CF‐specific teaching was provided to hospitalists. Then, in 2015 admissions were centralized to a specific respiratory‐focused floor. The CF Team provided education to nurses, staff, pharmacy, physical therapy, and diabetic educators assigned to this floor. Finally, infection control practices were reviewed and standardized.

**Results:** In 2012 average length of stay (LOS) for adult CF inpatient admissions was 9 days. After instituting the above interventions, LOS decreased to 8.4 days in 2014. After the 2015 implementation of patient admissions to a single floor, LOS decreased to 6.3 days. Subsequently, this LOS has been consistent in 2016 (6.0 days). PortCF data from 2014 show that antibiotic duration has not changed (13.5 d). Because the current literature lacks additional metrics to determine the effectiveness of a hospitalization, this proposal will evaluate change in CRP levels during hospitalization, change in lung function (e.g., FEV1 returns within 90% of baseline) during hospitalization, and improved lung function after hospitalization for pulmonary exacerbations. For admissions to treat distal intestinal obstruction syndrome (DIOS), time until next episode of DIOS will be evaluated. Overall, PortCF data show continued improvement in lung function and BMI for adult patients. Anecdotally, patients commented that continuity of case‐management and social work services have improved after admissions were centralized to a specific floor.

**Conclusions:** Hospital admissions require the coordination of multiple care providers, and delivery of several interventions. Here, we present a multidisciplinary approach to improve the consistency of care. It appears that cohorting patients in one location allowed for standardization of care and decreased LOS. Further analysis will provide information to evaluate whether this result translated into improved metrics for care.

**583**

**NOMOGRAMS TO PREDICT SURVIVAL OF CYSTIC FIBROSIS PATIENTS**

[Piccorelli, A.]{.ul} ^1^; Stanek, J.^2^; Nick, J.A.^3^ *1. Statistics, University of Wyoming, Laramie, WY, USA* *; 2. Nationwide Children\'s Hospital, Columbus, OH, USA* *; 3. National Jewish Health, Denver, CO, USA*

**Introduction**: An accurate prediction model, called a nomogram, would be valuable in clinical care and research trial design to predict survival of cystic fibrosis (CF) patients. Although several models have been developed to predict survival of CF patients, none allow the physician to graphically demonstrate the probability of a patient\'s outcome during an appointment. The motivation for these nomograms is their ability to allow for graphical presentation of a prediction model that integrates patient measurements, labeled predictors. Each predictor is modeled by a scale, with each possible value/category of that predictor corresponding to a specific number of points based on the prognostic significance of the value/category. The model is represented graphically with the scales of the predictors and how they combine to calculate the continuous probability of a particular outcome illustrated. This enables physicians or researchers to make educated, accurate patient‐specific determinations of prognosis and therapy decisions and allows them to communicate the prognosis to the patient in an effective manner.

**Methods:** A dataset was analyzed of 277 pediatric and adult CF patients from Akron Children\'s Hospital. A Cox regression model was developed to predict survival based on the characteristics of these CF patients. Age was used as the event time in the model. The age of patients was defined as either age at last appointment for patients who were alive at the time of this study, or age at death. Patients alive at the time of the study were considered to have censored survival times. An indicator variable, Death Status, was used to differentiate between censored survival times and ages of death. Based on previous survival models of CF patients, the following predictors were included: gender, BMI, race, baseline FEV~1~, cystic fibrosis‐related diabetes (CFRD) status, *Pseudomonas aeruginosa* status, methicillin‐resistant *Staphylococcus aureus* (MRSA) status, length of diagnosis in years, number of hospitalizations since diagnosis, and *Burkholderia cepacia* status. Predictors with a Wald test significance level less than 0.05 (p ≤ 0.05) were included in the final model.

**Results**: A Cox regression model was developed that identified the following variables as significant predictors (p ≤ 0.05) of survival: baseline FEV~1~, length of diagnosis, number of hospitalizations, and CFRD status. These were included in the final model along with gender; a known predictor of survival for CF patients. The final model had a concordance index of 0.91, meaning 91% of the ordered predicted survival times were in concordance with the ordered observed survival times. The model was used to construct a nomogram that predicted the probability of 5‐year survival based on how a CF patient\'s characteristics informed the predictors.

**Conclusion:** A Cox regression model can be used to construct a nomogram to predict survival for CF patients. Since there were only 26 deaths among the 277 patients used in the study, a larger sample size will enable us to develop a model to predict survival with more significant predictors. The current study will be expanded to include the entire CFF Patient Registry, with results available by the fall.

**584** **▴**

**USE OF TELEMEDICNE IN ADULTS WITH CYSTIC FIBROSIS: LOOKING AT OUTCOMES AND SATISFACTION AT ONE YEAR**

Lester, M.K. *Adult Cystic Fibrosis Team, Keck Medical Center of USC, Los Angeles, CA, USA*

**Background:** From 4/2015 through 4/2016 adults receiving cystic fibrosis (CF) care at Keck Medical Center, were given the option of having their yearly respiratory assessment conducted face‐to‐face in the clinic setting, or a telemedicine (TM) video encounter from their home. The yearly assessment involves the respiratory therapist (RT) observing the patient perform airway clearance therapies (ACT), and nebulized medication delivery.

During the TM call the patient is shown education slides, their individual lung statistics highlighting: sputum culture results, chest x‐rays reports, and lung function trends from the past 5 years. This education tool was presented with the purpose of educating patients and improving outcomes. There is a potential for increased patient satisfaction.

**Methods:** Patients are identified in pre‐clinic meetings. Patients with outstanding annual assessments are identified. A respiratory assessment is a required element of an annual visit and involves the CF RT to observe the patient performing their ACT. Patients that elect a TM assessment, n=29, were sent invitations to participate on a previously agreed upon time and date. Their FEV1 was tracked for the percent of predicted prior to the TM call and the FEV1 following the TM education session. In addition, participants were asked to complete a pre‐ and post‐satisfaction survey. The patient was provided a URL link to an on‐line questionnaire and asked to describe their understanding of their ACT; if they have the necessary tools necessary to perform the prescribed therapies, and whether or not they felt the therapies were an onerous burden.

N=22 answered the pre‐survey. Following the TM encounter, patients were asked to participate in a post‐survey; questions included: Did the encounter improve their understanding of ACTs; How does TM compare to a face‐to‐face visit; and Would they participate in another TM education session. N=19 completed the post‐survey.

**Results:** Of the patients that showed an improvement in FEV1 percent predicted (n= 13) the average improvement was a 6% increase in FEV1. A decrease in FEV1 percent predicted (n=8) revealed a 6% decrease in FEV1. Two patients\' FEV1 pre‐ and post‐encounter stayed the same, and 6 patients have yet to complete a post‐TM PFT test.

In the pre‐encounter satisfaction survey (n=22): 23% reported full understanding of their ACTs, 77% reported some understanding, 77% reported that they have the necessary tools to perform their ACTs. When asked if their ACT took too much time out of their day: 74% reported that they took too much time.

In the post‐encounter satisfaction survey (n=19): 74% reported that the telemedicine session improved their understanding of their ACTs. 63% reported that a TM encounter was as good as a face‐to face visit. When asked if they would participate in another TM education session 95% said they were absolutely interested.

**Discussion:** We saw no improvement in FEV1 percent predicted prior to TM and after the call. There may be other health benefits that we can track. Patients do report that they are satisfied with this type of education option and would participate in other TM education opportunities.

**585**

**ANALYZING AFFILIATE PROGRAMS WITHIN THE CFF CARE CENTER NETWORK USING CLINICAL OUTCOME DATA**

[Petren, K.M.]{.ul} ^1^; Fink, A.^1^; Rizvi, S.^1^; Kaur, D.^1^; Maher, A.^1^; Marshall, B.^1^; Dunitz, J.M.^2^ *1. Medical, Cystic Fibrosis Foundation, Bethesda, MD, USA* *; 2. University of Minnesota, Minneapolis, MN, USA*

**Background:** The Cystic Fibrosis Foundation Care Center Network makes high quality specialized care available to CF patients throughout the United States. Since the establishment of two clinics in 1961, the Care Center Network has developed rapidly and included 121 Core Centers and 50 Affiliate programs in 2014. Recent improvement efforts focused on the role of Affiliate programs within the network and strategies to strengthen these programs.

**Objective:** Analyze data from the Cystic Fibrosis Foundation Patient Registry (CFFPR) to explore whether clinical outcomes differ for Affiliate versus Core programs within the Care Center Network.

**Methods:** The eligible population was individuals with data in the CFFPR for at least one year between 2005 and 2014. Outcomes of interest were FEV1 percent predicted for all eligible individuals aged 6 and older, body mass index (BMI) percentile for individuals aged 2 to 19 and BMI for individuals aged 20 and older. Individuals younger than 18 were classified as pediatric and individuals aged 18 and older were classified as adult. For each year they were in the study, individuals were assigned a program based on the program that provided the most care for them in that calendar year. Data were analyzed at the program level and patient level to assess if there were any differences between patient outcomes at Affiliate programs and Core Center programs (which include both the pediatric and adult programs within a Core Center).

**Results**: In 2014, 3,006 patients (2,016 pediatric, 990 adult) were seen at the 50 Affiliate programs compared to the 25,670 patients (12,121 pediatric, 13,549 adult) that were seen at the 121 Core Centers. Overall, mean outcomes values at Affiliate programs tend to cluster among the lowest values in the Care Center Network. This is especially evident for pediatric lung function where 15 of 40 eligible Affiliate programs fall into the lowest quartile representing over 37% of Affiliate program patients between 6 and 17 with a lung function measure.

Patient level data show substantial improvements in pulmonary and nutritional outcomes over the past 10 years for all patients, regardless of where they receive their care. Despite these gains, mean FEV1 % predicted is significantly lower among pediatric patients that receive their care from Affiliate programs compared to Core Center programs (Table).

**Conclusions:** There are opportunities to improve clinical outcomes at Affiliate programs within the CFF Care Center Network. Pulmonary function among pediatric patients presents the greatest opportunity as it continues to show significantly lower values than patients seen in Core Center programs. Further analysis on differences within the Affiliate programs is needed to identify targeted areas where quality improvement initiatives can have the largest impact on improving all clinical outcomes.

**Pediatric Lung Function by Program Type, 2005 and 2014**
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**IMPROVEMENT IN WEIGHT, PULMONARY FUNCTION AND OTHER OUTCOMES WITH 3‐MONTH IVACAFTOR TREATMENT DIFFERED BY EXOCRINE PANCREATIC STATUS IN PEOPLE WITH CYSTIC FIBROSIS GATING MUTATIONS**

Sainath, N.N.^1^; [Schall, J.I.]{.ul} ^1^; McAnlis, C.^1^; Hess, O.^1,2^; Bertolaso, C.^3^; Stallings, V.^1,4^ *1. Gastroenterology, Hepatology & Nutrition, Children\'s Hospital of Philadelphia, Philadelphia, PA, USA* *; 2. University of Pennsylvania, Philadelphia, PA, USA* *; 3. Universita La Sapienza‐Policlinico, Rome, Italy* *; 4. Pediatrics, Perelman School of Medicine, University of Pennsylvania, Philadelphia, PA, USA*

**Background**: Treatment with ivacaftor for CFTR gating mutations resulted in improved weight, pulmonary function, growth status and other outcomes. The response to ivacaftor for those with pancreatic insufficiency (PI) compared to pancreatic sufficiency (PS) is unknown.

**Aim:** To determine if response to 3‐month ivacaftor treatment in subjects with CFTR gating mutations differed by pancreatic status.

**Methods:** Subjects (≥5 years old) with one or more CFTR gating mutations were recruited from the USA, Canada and Italy. Pancreatic status was determined by medical history. Height, weight and BMI were measured and Z scores calculated for those \<20 years of age. Fat free mass (FFM), fat mass (FM), % body fat (%Fat) were determined by whole body dual x‐ray absorptiometry (DXA). Forced expiratory volume at one second percent predicted (FEV~1~%) was assessed by spirometry. Total energy expenditure (TEE) in kcal/d was assessed by doubly‐labeled water method. Resting energy expenditure (REE%, Schofield percent predicted) was assessed after an overnight fast by indirect calorimetry. Fecal calprotectin (μg/g stool) as an indicator of gut inflammation and fecal elastase (μg/g stool) for pancreatic status were assessed from spot stool samples.

**Results**: A total of 23 participants, n=17 with PI (5‐42 y, mean±SD 15.0±9.9, 53% female, 94% Caucasian) and n=6 with PS (9‐61 y, 23.8±18.8, 83% female, 83% Caucasian) completed the study. Compared to PI, those with PS had significantly greater weight, BMI, FFM and FM and lower REE% at baseline. Weight and BMI growth status (\<20 y) was suboptimal for PI (‐0.24 and ‐0.44 Z scores, respectively, n=13) and not for PS (0.01 and 0.18, respectively, n=5). After ivacaftor treatment, increases in pulmonary function, weight (both FFM and FM), and BMI, and reduction in calprotectin were significant for PI. These changes were of less magnitude for PS. Weight and BMI Z scores improved (+0.25 and +0.38, respectively, p\<0.01) in PI with no change in PS. REE% decline tended to be greater in PI. TEE remained stable in both groups. Fecal elastase, higher at baseline in PS, increased by 52 to 390 μg/g stool in four out of six subjects.

**Conclusion:** Treatment with ivacaftor resulted in improved weight, FFM, FM, pulmonary function and reduced REE and gut inflammation. The magnitude of these improvements was greater in subjects with CF and PI, suggesting that ivacaftor may be more effective in this group.

Supported by Vertex Pharmaceutical Inc., Clinical Translational Research Center (UL1RR024134 & UL1TR000003), Nutrition Center at Children\'s Hospital of Philadelphia.
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**MACRONUTRIENT INTAKE IN PRESCHOOLERS AND IMPACT ON GROWTH**

[Powers, S.W.]{.ul} ^1^; Filigno, S.S.^1^; Chamberlin, L.^1^; Baker, M.A.^2^; Szczesniak, R.D.^1^; Sullivan, S.M.^1^; Kroner, J.^1^; Robson, S.^3^ *1. Cincinnati Children\'s Hospital, Cincinnati, OH, USA* *; 2. Surgery, Beth Israel Deaconess Medical Center, Boston, MA, USA* *; 3. Behavioral Health and Nutrition, University of Delaware, Newark, DE, USA*

**Objective:** To examine macronutrient intake and its impact on growth among children ages 2‐6 years diagnosed with CF with pancreatic insufficiency (PI).

**Methods:** Seventy‐eight children aged 2‐6 years (mean=3.8 y) with CF and PI participated in an RCT at 7 CF centers that compared behavioral and nutrition (BN; n= 36) to education/attention control (n=42) conditions aimed at improving intake and growth. Dietary intake was assessed over 7 days at baseline (BL) and 6‐month posttreatment using weighed diet records. Dietary data were analyzed using Nutrition Data System for Research Software. Weight and height were assessed at both time points to calculate weight for age (WAZ) and height for age (HAZ). In this secondary data analysis, descriptives were calculated for total average energy intake (kcal/day), % kcal intake by macronutrient per day, and protein (g/day) at time point and by condition. Estimated Energy Requirement (EER) was calculated at baseline. Inferential modeling was used to examine a main effect of treatment and time, and a treatment by time interaction with age as a covariate.

**Results:** Mean energy intake for the entire sample at BL was 1462 (329) kcal/day and EER = 109.5% (25.8), with no difference between treatments. After adjusting for age, there was a significant interaction between treatment and time (P\<0.0001). The BN group had higher mean intake, compared to control at 6 months (Δ LS means ± SE, P: 395.8 ± 87.4, P\<0.0001, resp). Relative to BL, BN improved intake at 6 months (Δ LS means ± SE, P: 425.0 ± 57.2, P\<0.0001, resp) with no significant change over time in daily intake for control. Percent calories from protein decreased over time, with no significant difference in this decline between groups. Change in percent calories from protein was a significant predictor of HAZ change, F(1,125)=12.93, p\<.0005, but not WAZ change although there was a trend towards significance, F(1,127)=3.06, p=.08. Percent calories from fat significantly increased between BL and 6 months, but there was no significant impact of treatment group by time for fat intake, and changes in fat intake did not predict changes in growth. Carbohydrate intake did not have a significant association with growth.

**Conclusions:** The BN group significantly increased daily energy intake. Protein intake was the only macronutrient significantly associated with changes in HAZ, with a trend observed for association with WAZ. Percent intake from protein intake decreased at posttreatment and the children had a concomitant decrease in their HAZ. Future research is needed to examine the interrelationships between macronutrient intake and the impact of protein intake on growth in preschoolers.

Supported by NIH grants R01DK54915, NOT‐OD‐09‐056, K24DL59973, and T32DK063929 (PI: Scott W. Powers).

**588\***

**CDC GROWTH REFERENCES BETTER PREDICT LONG‐TERM CLINICAL OUTCOMES THAN WHO GROWTH STANDARDS IN INFANTS AND TODDLERS WITH CYSTIC FIBROSIS**

Usatin, D.^3^; Yen, E.H.^3^; McDonald, C.M.^2^; Asfour, F.^4,2^; Pohl, J.^1,2^; [Robson, J.]{.ul} ^1,2^ *1. Pediatrics, Gastroenterology and Nutrition, University of Utah, Salt Lake City, UT, USA* *; 2. Primary Children\'s Hospital, Salt Lake City, UT, USA* *; 3. Pediatrics, Gastroenterology and Nutrition, UCSF Benioff Children\'s Hospital, San Francisco, CA, USA* *; 4. Pediatrics, Pulmonary, University of Utah, Salt Lake City, UT, USA*

**Objective:** To determine whether early childhood growth measures, using CDC versus WHO scales, are associated with different long‐term cystic fibrosis (CF) outcomes. The current Cystic Fibrosis Foundation (CFF) recommendations for children diagnosed with CF prior to age 2 years are to strive for weight‐for‐length \>50^th^ percentile based on CDC growth curves (Stallings VA, et al. J Am Diet Assoc. 2008;108:832‐9). These recommendations have not been applied using the WHO growth curves, which are now standard for measurement of children \<2 years in the United States.

**Methods:** This was a cohort study, using the CFF Patient Registry for participants born 1990‐1994 and followed at a CF center from age 2 through age 18 years (n=3014). Patients were categorized at age 2 by weight‐for‐length (WFL) \<50^th^ percentile on both WHO and CDC measures; WFL≥50^th^ percentile on WHO but not CDC; and WFL≥50^th^ percentile on both WHO and CDC. Primary outcome was FEV~1~ percent predicted (FEV~1pp~) at age 18; secondary outcomes included BMI, total hospital days, and lung‐transplant‐free survival.

**Results:** At age 2, 42% were ≥50^th^ percentile on WHO and CDC charts, 15% were ≥50^th^ on WHO not CDC, and 43% were \<50^th^ percentile on both. Multivariable linear regression analysis showed there was a stepwise increase of FEV~1pp~ at age 18 across the three WFL categories, lowest in those with WFL \<50^th^ percentile on both WHO and CDC measures (83.6, 95%CI: 77.8‐89.4) and highest in those with WFL ≥50^th^ percentile on both measures (89.7, 95% CI: 84‐95.4), with a positive linear test of trend (p\<0.001). Survival analysis demonstrated that the highest WFL category also had a greater chance of lung‐transplant‐free survival (p\<0.001) into adulthood (Figure).

**Conclusions:** Children with CF who reach WFL ≥50^th^ percentile on both CDC and WHO measures by age 2 have improved pulmonary, growth and survival outcomes in adulthood, when compared to lower early growth categories. In seeking to maximize long‐term pulmonary and survival outcomes, CF care teams should continue to utilize CDC growth curves for patients under 2.

Supported by: the Cystic Fibrosis Fellowship Training Grant (D.U. and J.R.) and the NIH T32 Fellowship Training Grant (D.U. and J.R.).
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**HEALTH‐RELATED QUALITY OF LIFE CORRELATES WITH HEPATIC ULTRASOUND FINDINGS IN CHILDREN WITH CYSTIC FIBROSIS: RESULTS OF CLFD NET**

[Schwarzenberg, S.]{.ul} ^1^; Palermo, J.^2^; Ye, W.^3^; Magee, J.^3^; Narkewicz, M.R.^5^; Alonso, E.^4^ *1. Department of Pediatrics, Univ. MN Masonic Children\'s Hospital, Minneapolis, MN, USA* *; 2. Cincinnati Children\'s Hospital Medical Center, Cincinnati, OH, USA* *; 3. Univ of Michigan, Ann Arbor, MI, USA* *; 4. Lurie Children\'s Hospital of Chicago, Chicago, IL, USA* *; 5. Univ and Children\'s Hospital of Colorado, Aurora, CO, USA*

**Background:** The spectrum of liver disease in cystic fibrosis (CF) is wide, ranging from mild transaminase elevation in many to multi‐lobar cirrhosis with portal hypertension in 5‐10%. Progressive liver injury may be associated with decrements in patient reported outcomes before liver disease is clinically apparent. This analysis examines serial Health Related Quality of Life (HRQOL) measurements in children with and without evidence of newly diagnosed CF‐related liver disease.

**Methods:** Children age 3‐12 y with CF without previously identified cirrhosis or portal hypertension were enrolled in a prospective, multi‐center study of ultrasound (US) to predict hepatic fibrosis. Consensus US patterns were assigned by 3 radiologists as normal (NL), heterogeneous (HTG), homogeneous (HMG), or nodular (CIR); parents were informed of results. Assessment of parent‐ and child‐reported (age≥ 5 y) HRQOL by PedsQL^TM^ 4.0 generic core scales and CF Questionnaire‐revised (CFQ‐R) was obtained at baseline, prior to knowledge of US pattern, and then annually in patients with abnormal patterns and matched controls. HRQOL scale scores were compared by US pattern at baseline and between baseline and 1 y post‐enrollment.

**Results:** US findings at baseline in 704 subjects (Male 47%, mean age 7.7±3.0 y) were NL (82%), HTG (9%), HMG (6%), and CIR (3%). At baseline, patients in the CIR group had lower mean parent‐report PedsQL^TM^ 4.0 Physical Summary scores (CIR 75.3±27.9 vs NL 85.8±16.0, p=0.002) and Social Scale scores (CIR 77.1±19.7 vs NL 86.8±16.0, p=0.005). All PedsQL^TM^ 4.0 self‐report and remaining parent‐report scores did not vary by US pattern. Parent‐report CFQ‐R scores differed for Body Scale (CIR 68.3±25.2 vs NL 80.3±22.8, p=0.02), Eat Scale (HMG 85.1±21.1 vs NL 70.3±30.3, p=0.003) and Weight Scale (HMG 79.5±33.0 vs NL 54.9±36.1, p\<0.0001). Self‐report CFQ‐R scales did not differ by US pattern. Comparison between baseline and 1 y parent‐report PedsQL^TM^ scores demonstrated a decline in scores for patients with HMG US pattern, with self‐report scores less significant. Parent‐reported CFQ‐R scores were stable over the interval, with self‐report Emotional Scales scores improving in the NL group (Table).

**Conclusions:** Differences were noted in generic and disease‐specific HRQOL scores by US pattern at baseline. Subjects with CIR had lower QOL scores before clinical liver disease. Scores were stable over a 1‐year period in the CIR group. Scores in the HMG group declined by parent but not self‐report. This suggests "silent" liver involvement in CF has an effect on QOL.
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**DEPOT‐SPECIFIC ALTERATIONS IN FAT TISSUE MORPHOLOGY OF CYSTIC FIBROSIS MICE**

[Henderson, L.C.]{.ul} ^1^; DiScenna, A.^2^; Bederman, I.^2^; Drumm, M.L.^2,1^ *1. Genetics & Genome Sciences, Case Western Reserve Univ., Cleveland, OH, USA* *; 2. Pediatrics, Case Western Reserve Univ., Cleveland, OH, USA*

Low body mass indexes of people with cystic fibrosis (CF) are typically attributed to lung disease and nutrient malabsorption. However, CF mouse models display a lean body type despite lack of lung disease and nutrient malabsorption. Others have reported expression of CFTR in adipose tissue (Ollero, et al. J Cell Physiol. 2004;200:235‐44), leading us to hypothesize that Cftr expressed in adipose (fat) tissue contributes to low fat stores.

**Methods:** We measured *Cftr* mRNA expression in 5 fat depots of WT mice. RNA was isolated from the cardiac, epididymal, interscapular, mesenteric, retroperitoneal, and inguinal subcutaneous fat depots. Real‐time PCR was used to assess gene expression. We tracked fat accumulation in WT and CF mice by MRI at 4, 6, and 8 weeks of age. We compared the histological morphology of two fat depots in mice at 6 weeks of age. Epididymal and interscapular adipose tissue slices were stained with H&E or co‐stained with anti‐perilipin A (a lipid droplet membrane protein) and DAPI. Image analysis was performed using ImageJ (version 1.50).

**Results:** *Cftr* is expressed in adipose tissue at low levels (at least 11 times less than in lung tissue). *Cftr* expression varies by fat depot: epididymal expresses the most Cftr; interscapular, the least. Preliminary data suggest *Cftr* is more highly expressed in mature adipocytes than in stromal vascular cell types (including pre‐adipocytes). Intraperitoneal fat is undetectable in CF mice at 4 weeks of age (0.28 ± 0.21cm^3^ in WT), but increases by 8 weeks (0.38 ± 0.09cm^3^ CF, 0.90 ± 0.08cm^3^ WT). Subcutaneous fat volume tracks with body weight in both CF and WT mice. In CF mice, lipid droplet diameter is increased (35 ± 16μm CF, 30 ± 13 WT) and nuclear density decreased (568 ± 255nuclei/mm^2^ CF, 774 ± 179 WT) in the interscapular depot, but unchanged in the epididymal depot (43 ± 13μm CF, 42 ± 14 WT; 411 ± 175 nuclei/mm^2^ CF, 349 ± 68 WT). The mass of the epididymal depots is smaller in CF mice (60.8 ± 0.6mg CF, 82.8 ± 1.73 WT). Macrophage infiltration, which indicates inflammation, was nearly absent in both CF and WT histological samples.

**Conclusions:** There is evidence that *Cftr* expression in the adipocyte plays a role in adipose tissue morphology. Possible mechanisms include altered differentiation into mature adipocytes or CFTR interaction with the β3‐adrenergic receptor in the mature adipocyte (Robay, et al. Mol Pharmacol. 2005;67:648‐54). Functional studies are underway to examine effects of CFTR dysfunction on adipocyte differentiation as well as white to beige cell transition, which may explain energy expenditure anomalies associated with CF.

Supported by the NICHD of the NIH under Award Number F31HD080320.
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**EXCLUSIVE BREASTFEEDING AND GROWTH IN YOUNG INFANTS WITH CF**

[Lai, H.J.]{.ul}; Zhang, Z.; FIRST STUDY GROUP,. *Nutritional Sciences, UW‐Madison, Madison, WI, USA*

**Background:** Optimal feeding in infants with CF is unknown. The 2009 CFF infant care guidelines recommend breast milk as the initial feeding but did not address if prolonged exclusive breastfeeding is adequate or when high caloric density formula should be used.

**Objective:** To characterize feeding and growth patterns, and their interrelationships, in infants with CF.

**Methods:** The study population includes infants enrolled in *FIRST (Feeding Infants Right... from the STart)*, a prospective observational study initiated in 2012 to enroll 200 infants at 6 CF Centers (Madison, Milwaukee, Boston, Indianapolis, Salt Lake City and Chicago) by 2017 to identify optimal feeding. As of 6/30/16, 137 infants were enrolled at 1.6±0.8 mo. Of 124 infants who reached age 6 mo by 6/30/16, 3 withdrew at age 3 mo, 9 had low birth weight, 19 had meconium ileus (MI), 82 had no MI but were pancreatic insufficient (PI), and 11 were pancreatic sufficient (fecal elastase consistently \>200 μg/g). This preliminary analysis focused on the 82 infants who were PI without MI.

**Results:** Of the 82 infants, 73% were exclusively breastfed (exB), 18% exclusively formula‐fed (exF), and 9% received both (B&F) initially. However, the exB rate decreased to 48%, 34%, and 16%, while the exF rate increased to 23%, 35% and 51%, by 1, 2 and 6 mo respectively.

By 6 mo, 47 infants had received fortified breast milk and/or high caloric density formula (22‐33 kcal/oz). However, weight, length and weight‐for‐length percentiles during age 0‐6 mo were 15‐20 percentiles (p\<0.01), 10‐15 percentiles (p=0.02) and 5‐10 percentiles (p=0.05) lower compared to the unfortified group. In the first 3 mo, the unfortified group had greater weight gain (31 g/day) than the fortified group (25 g/day), p\<0.001. In the fortified group, fortification was begun by 47%, 21% and 32%, at 1 mo, 2 mo and 3‐5 mo respectively. Weight gain (g/day) from 0‐6 mo did not differ significantly by age of initiating fortified feedings.

Of the 35 infants who received unfortified feedings, 12 were exB for 6 mo, 11 were exF by 1 mo of age, and 12 transitioned to B&F or exF at 1‐5 mo of age. Weight and length percentiles declined from birth to 2 mo in all feeding types (55^th^ to 36^th^ and 62^nd^ to 38^th^, respectively). Weight and weight‐for‐length percentiles improved to 55‐60^th^ at 6 mo in exF and B&F fed infants but remained low in exB fed infants (35‐40^th^), p=0.011 and p=0.029, respectively. In addition, exB for 6 mo was associated with lower weight gain at 4‐6 mo (16 g/day) compared to exF (21 g/day) and B&F (22 g/day), p=0.002.

**Conclusions:** In infants with PI who received unfortified feedings throughout the first 6 mo of life, prolonged exclusive breastfeeding was associated with lower weight percentile and weight gain at age 4‐6 mo compared to formula or mixed feedings. An inverse association between fortified feeding and growth was observed, most likely a result of "need‐driven" intervention, i.e., growth faltering prompted initiation of fortified feeding, rather than prevention‐based treatment, i.e., proactive fortified feeding to prevent growth faltering and increase the likelihood of maintaining normal growth. The effectiveness of the latter approach on achieving optimal growth remains to be investigated.

(Funded by NIH R01DK072126, R56DK109692, UL1TR000427, CFFT LAI14A0 & CFFT LAI15A0)
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**HAVE WE JOURNEYED TO JUNK?**

[Katz, T.E.]{.ul} ^1^; Collins, C.^3^; Quintano, J.^5^; Brunner, R.^5^; Tong, C.^4^; Ooi, C.Y.^1,4^ *1. CF Centre, Sydney Children\'s Hospital, Sydney, NSW, Australia* *; 3. School of Health Sciences, Faculty of Health and Medicine, University of Newcastle, Newcastle, NSW, Australia* *; 4. School of Women\'s and Children\'s Health, Faculty of Medicine, University of New South Wales, Sydney, NSW, Australia* *; 5. Faculty of Science, Medicine and Health, University of Wollongong, Wollongong, NSW, Australia*

**Background:** Nutrition dogma for the last three decades has centred around a high energy (120‐150% of normal requirements) and high fat (40% of total energy) diet for children with cystic fibrosis (CF). There have been numerous dietary intake studies that have focused on whether children are meeting these targets but a paucity of data on dietary patterns. Anecdotally families find it more achievable to meet these elevated targets through non‐core foods (energy‐dense, nutrient‐poor foods that offer little nutritional properties such as chocolate, potato chips, ice cream, sausages and processed meats). A consequence of this may be consumption of less core foods (nutrient‐dense foods that when consumed in appropriate amounts meet a child\'s nutritional requirements; these include fruit, vegetables, whole‐grain breads and cereals, lean meats and dairy). This study aims to quantify the contribution of core and non‐core foods to the diet of children with CF compared with healthy controls and to explore any socioeconomic or gender effects.

**Methods:** Thirty‐five children (2‐18 years) with CF and 23 age‐ and sex‐matched children without CF were recruited from Sydney Children\'s Hospital, Australia and consented to complete the Australian Child and Adolescent Eating Survey (ACAES). The ACAES is a validated 120‐item semi‐quantitative Food Frequency Questionnaire (FFQ) that reports usual dietary consumption for the previous six months. Additional socioeconomic data were collected including net household income, level of parental education and postcode.

**Results:** Age, gender distribution, household income and maternal level of education were comparable between the CF and control groups (p\>0.05). Children with CF consumed an average of 152.1+/‐ 6.7% of their estimated energy needs compared with controls 122.5 +/‐ 7.9% (p = 0.006). Non‐core foods contributed significantly more to their total energy intake compared with controls (43.5 +/‐ 2.1% vs. 35.7 +/‐ 2.8%, p=0.0029). Conversely they consumed significantly less energy from core‐foods (56.5% +/‐2.1% vs. 64.3% +/‐ 2.8%, p = 0.029). However there was a clear gender effect with males with CF accounting for much of the difference when compared to males without CF (consuming significantly more energy from non‐core foods and significantly less from core foods, p = 0.024). There was no difference seen in females. Neither children with CF or controls met the current Australian Dietary Guidelines for core food intake, however children with CF were significantly more likely to meet the requirement for meat (p=0.024). Sociodemographic factors were not related to the intake of core and non‐ core foods.

**Conclusion:** Children with CF, especially males, had nearly half of their habitual daily energy intake provided by nutrient poor, non‐core foods and fell short of meeting their requirements for nutrient dense core foods that have an established role in the prevention of chronic disease. Care needs to be taken to ensure the CF diet does not become a junk food diet.

**593\***

**A CLINICAL LOOK AT MACRONUTRIENT INTAKE IN PRESCHOOLERS**

[Filigno, S.S.]{.ul} ^3^; Robson, S.^1^; Chamberlin, L.^3^; Baker, M.A.^2^; Szczesniak, R.D.^3^; Sullivan, S.M.^3^; Kroner, J.^3^; Powers, S.W.^3^ *1. Behavioral Health and Nutrition, University of Delaware, Newark, DE, USA* *; 2. Department of Surgery, Beth Israel Deaconess Medical Center, Boston, MA, USA* *; 3. Cincinnati Children\'s Hosp Med Ctr, Cincinnati, OH, USA*

**Objective:** To examine macronutrient intake among children ages 2‐6 years diagnosed with CF. Targeting macronutrients may have many health and growth benefits, including offsetting the catabolism associated with chronic illness and acute infections.

**Methods:** Seventy‐eight children aged 2‐6 years (mean=3.8 y) with CF and pancreatic insufficiency participated in a randomized clinical trial conducted at 7 CF centers that compared a behavioral and nutrition treatment (BN; n=36) to an education and attention control treatment (n=42) aimed to improve energy intake (EI) and growth. Dietary intake was assessed at baseline and post‐treatment (month 6) using 7‐day weighed food diet records recorded by parents. Dietary data were analyzed using Nutrition Data System for Research software. Given daily total EI was not statistically different at baseline between conditions, groups were collapsed to examine daily total average EI and percent EI from macronutrients at baseline in this secondary data analysis.

**Results:** Mean total EI was 1462 (329) kcal/day and the average Estimated Energy Requirement (EER) was 109.5% (25.8). Only 18% of children were meeting the 120% EER at baseline, and 40% were meeting the 35% of daily EI from fat minimum recommendation. In terms of macronutrient intake, an average of 35.3% (6.1) of EI was derived from fat, 12.7% (1.7) from protein, and 52.0% (6.1) from carbohydrates. The average protein intake was 45.9g (12.1) per day, with all children achieving recommended benchmarks. There was a negative relationship at baseline between carbohydrate and fat intake, r= ‐0.97, p\<.001. Dinner was the meal with the highest percent calories from protein consumed at 15.6% (6.8) and fat at 38.6% (13.2). Snack had the highest percent calories from carbohydrate consumed at 64.2% (19.0).

**Conclusions:** Preschoolers were achieving a similar percent EER documented in previous studies. Many children were not meeting the 2002 CF Foundation nutrition guidelines benchmark of at least 35% of daily EI derived from fat. All children met the 2016 CF Foundation preschool recommendations for daily protein intake (g). To promote optimal growth and health for preschoolers within CF nutrition care, these data suggest highlighting the importance of developing a family dinner routine during the preschool years, which may further boost opportunities for fat and protein intake. Partnering with families to identify substitutions for high carbohydrate foods and beverages, particularly during snack, may also create more opportunity for children to consume optimal protein and fat.

Supported by NIH grants R01DK54915, NOT‐OD‐09‐056, K24DL59973, and T32DK063929 (PI: Scott W. Powers).
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**EVALUATING USE AND INCIDENCE OF ADVERSE EFFECTS OF PROTON PUMP INHIBITORS IN PATIENTS WITH CYSTIC FIRBORIS**

[McCrory, B.E.]{.ul}; Harper, H.; McPhail, G.L. *Cincinnati Children\'s Hospital Medical Center, Cincinnati, OH, USA*

**Background:** Patients with cystic fibrosis (CF) are commonly prescribed proton pump inhibitors (PPIs), despite studies that link PPIs with potentially severe adverse effects. Studies have shown that a large portion of CF patients have gastroesophageal reflux (GER), which is treated with chronic PPI therapy. Patients with CF may also take a PPI as adjuvant therapy with pancreatic enzymes to improve nutritional status. This project was designed to evaluate the incidence of adverse effects associated with chronic PPI use, as well as evaluate the dosing, indication, and duration for the use of PPIs in CF patients at our center.

**Methods:** Retrospective chart review of PPI use and incidence of adverse effects in the CF population at Cincinnati Children\'s Hospital Medical Center (CCHMC). Patients were identified as either currently receiving PPI therapy for at least 6 months in duration (PPI group) or never received PPI therapy (control group) from June 1, 2014 to May 31, 2015. Data was collected retrospectively on these identified study patients from June 1, 2012 to the end of the inclusion time period or from the date of their first PPI prescription to the end of the inclusion time period (whichever was shortest in duration). Data collected includes serum magnesium, serum calcium with corresponding albumin levels, number of pulmonary exacerbations, *C. difficile* toxin test results, serum vitamin B12, serum ferritin, and DXA scan results.

**Results:** There were 126 patients in the PPI group and 49 patients in the control group. Baseline characteristics were similar between groups, except for age and sex. Mean baseline FEV1 values (percent predicted) in the PPI group was 99 ± 16%, compared to 105 ±12% in the control group (p=NS). Indication, dose and duration of PPI therapy were collected (see Table). In the PPI group, 21 patients (17%) had an incidence of hypomagnesemia compared to 1 patient (2%) in the control group (p=0.097, number needed to harm (NNH) = 7). In the PPI group, 75 patients (60%) had at least one pulmonary exacerbation compared to 12 patients (24%) in the placebo group (p\<0.001, NNH = 3). There was no significant difference in the incidence of hypocalcemia, low bone mineral density, or positive *C. difficile* toxin between the two groups. Vitamin B12 and ferritin levels could not be evaluated due to lack of data.

**Conclusions:** PPI therapy was predominately prescribed for both indications of GER and enzyme enhancement in our CF population. Chronic PPI therapy should be used cautiously in patients with CF, as there could be an increased risk of serious adverse effects. In the CF population, there is particular concern for increased risk of pulmonary exacerbation and potential hypomagnesemia.

**PPI Use in CF Patients at CCHMC, n = 126**
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Values expressed as mean ± SD (minimum ‐ maximum), unless otherwise stated
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**3‐MONTH IVACAFTOR TREATMENT RESULTED IN WEIGHT GAIN, IMPROVED PULMONARY FUNCTION AND GROWTH STATUS, AND REDUCED RESTING ENERGY EXPENDITURE AND GUT INFLAMMATION IN PEOPLE WITH CYSTIC FIBROSIS GATING MUTATIONS**

[Schall, J.I.]{.ul} ^1^; Sainath, N.N.^1^; McAnlis, C.^1^; Hess, O.^1,4^; Bertolaso, C.^2^; Stallings, V.^1,3^ *1. Gastroenterology, Hepatology & Nutrition, Children\'s Hospital of Philadelphia, Philadelphia, PA, USA* *; 2. Universita La Sapienza‐Policlinico, Rome, Italy* *; 3. Pediatrics, Perelman School of Medicine, University of Pennsylvania, Philadelphia, PA, USA* *; 4. University of Pennsylvania, Philadelphia, PA, USA*

**Background**: Ivacaftor is a CF therapy for people with CFTR gating mutations which results in weight gain and improved pulmonary function. Mechanisms for weight gain have not been determined.

**Aim:** To identify outcomes associated with weight gain and improvement in pulmonary function after 3‐mo ivacaftor treatment.

**Methods:** Subjects (≥5 years old) with one or more CFTR gating mutations were recruited from the USA, Canada and Italy. Height, weight and BMI were measured and Z scores calculated for those \<20 years of age. Fat free mass (FFM), fat mass (FM), % body fat (%Fat) were determined by whole body dual x‐ray absorptiometry (DXA). Forced expiratory volume at one second percent predicted (FEV~1~%) was assessed by spirometry. Total energy expenditure (TEE) in kcal/d was assessed using doubly labeled water method. Resting energy expenditure (REE%) was assessed after an overnight fast by indirect calorimetry, and expressed as kcal/d and % predicted (Schofield). Fecal calprotectin (μg/g stool) as an indicator of gut inflammation and fecal elastase (μg/g stool) to indicate pancreatic status were assessed from spot stool samples.

**Results**: A total of 23 participants (5‐61 y, mean age 17.3±13.0, 61% female, 91% Caucasian, 74% pancreatic insufficient) completed the study. Significant weight gain (+2.5 kg) and improvement in FEV~1~% (˜10%) were confirmed with 3‐mo ivacaftor treatment. BMI and FFM, FM and %Fat also significantly increased. For participants \<20 yrs (n=18), weight and BMI Z scores increased significantly (+0.20 and +0.29, respectively, p\<0.01) over 3 months. Energy balance changed as REE% declined (˜6% predicted) and TEE remained stable (2184 to 2237 kcal/d). Fecal calprotectin declined by 30 μg/g stool, indicating reduced gut inflammation. Fecal elastase increased \>50 μg/g stool in four out of six subjects with pancreatic sufficiency. The 3‐mo change (Δ) in weight was positively associated with ΔFEV~1~% (r=+0.46, p=0.028), and negatively with ΔREE% (r=‐0.50, p=0.017). ΔFEV~1~% was positively associated with Δweight and negatively with ΔREE% (r=‐0.64, p=0.001), ΔREE kcal/d (r=‐0.59, p=0.004), and Δcalprotectin (r=‐0.49, p=0.022).

**Conclusion:** 3‐month ivacaftor treatment resulted in weight and BMI gain and improved pulmonary function in people with CFTR gating mutations. Increases in both FM and FFM compartments contributed to weight gain. Improved lung function was associated with weight gain and with reduced REE and gut inflammation.

Supported by Vertex Pharmaceutical Inc., Clinical Translational Research Center (UL1RR024134 & UL1TR000003) and Nutrition Center at Children\'s Hospital of Philadelphia.
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**ASSESSING AND ADDRESSING FOOD INSECURITY IN AN ADULT CYSTIC FIBROSIS CENTER**

Broadhead, K.; [Aparicio, P.]{.ul}; Mack, B.; Barto, T.; Katz, M. *Adult Cystic Fibrosis Center, Baylor College of Medicine, Houston, TX, USA*

**Introduction:** Food insecurity is defined as not having reliable access to an adequate supply of affordable, nutritious food. Texas has one of the highest rates of food insecurity in the country, with 18 percent of households experiencing food insecurity, compared to the national average of 14 percent. Maintaining sufficient supply of food is important for patients with cystic fibrosis (CF) due to increased physiologic demand for nutrients and poor absorption. Poor nutrition status is correlated with decline in pulmonary function in patients with CF (Bell SC, et al. Clin Nutr. 1998;17:211‐5). Food insecurity is associated with an increase in depression and decrease in adherence to medical treatments in other chronic diseases (Silverman J, et al. J Gen Intern Med. 2015;30:1476‐80). Due to the high food insecurity rate in our state, and the potential consequences related to malnutrition, it is important to address food insecurity to help our patients with CF maintain their overall physical and mental health.

**Objective:** The Baylor College of Medicine (BCM) Adult Cystic Fibrosis Center is a large adult center in Houston, Texas. There are 255 active patients in the 2015 registry data set. Our goal is to identify patients with food insecurity and assist them by providing resources they can use to acquire healthy food. To achieve this, we will provide information about resources such as government assistance programs like Supplemental Nutrition Assistance Program (SNAP), local food banks, and other nonprofit organizations.

**Methods:** We created a food security assessment process that we implemented during our annual social work and dietitian evaluations to screen patients that may be at risk for food insecurity. This food security assessment included asking every patient seen by a social worker or dietitian during an office visit whether they felt they had adequate resources to obtain healthy food.

**Results:** In our pilot study, we surveyed 80 patients in the BCM Adult CF Center in a 3‐month time frame and found that 25% reported difficulty in affording adequate healthy food. Of the 80 patients surveyed, 33 patients were covered by Medicare or Medicaid as their primary or secondary health insurance. Of the 33 patients on Medicaid or Medicare, 80% reported struggling with affording healthy food. Out of the 80 patients surveyed, 14% were already signed up for SNAP benefits, however, 64% of those already receiving benefits continued to report difficulty obtaining healthy food due to inadequate funds.

**Conclusion:** From these data, we determined that the populations of patients that are most likely to be food insecure are students, under‐ or unemployed workers, and individuals on government assistance. Patients meeting these demographics should be screened for food insecurity on a yearly basis. We plan to partner with a local food bank that offers assistance with the SNAP application process to maximize benefits our patients receive, as well as complete follow‐up assessments to determine if resources provided have decreased food insecurity.

**597\***

**THE IMPACT OF HOME VISITS IN INFANTS AND CHILDREN WITH CF**

[Lachowicz, K.]{.ul} ^2^; Anderson, V.^2^; Self, S.^1^; Tarn, V.E.^1^; Gamble, S.^2^; Britton, L.J.^2^; Mims, C.^2^; Gunter, L.^2^; Gutierrez, H.^1^ *1. UAB, Birmingham, AL, USA* *; 2. COA/UAB CF Center, Birmingham, AL, USA*

**Background:** In 2014, the University of Alabama at Birmingham/Children\'s of Alabama pediatric CF program received a grant through the CF Foundation to implement healthcare interactions between patients and medical staff outside of the clinic setting and between clinic visits. The goal was to improve patients\' adherence through shared decision‐making and enhanced knowledge/understanding through home visits (HV). During the HV, the CF team assessed patients\' living environments, implemented motivational interviewing, set goals, offered solutions to problems, and delivered personalized, hands‐on education. Two target groups were identified: infants up to 12 months diagnosed through newborn screening (group 1) and patients 1‐12 years with a BMI or WT/length \< 25% (group 2).

**Method:** After IRB approval, we implemented HV for families who met criteria and consented. Group 1 had initial and follow‐up HV at 1 year of age and group 2 had 1 HV. Prior to the HV, each family completed the following surveys: CF knowledge, CF nutrition knowledge, Coping Health Inventory for Parents (CHIP), and Behavioral Pediatrics Feeding Assessment Scale (group 2 only). The CF team SW, RD, RRT, and/or counselor attended the HV and reviewed survey results with patients/families. At each HV the family was provided a scale to track weekly weight. At the clinic visit following the HV, surveys were repeated. The family and CF team members involved in the visit also completed satisfaction surveys.

**Results:** As of December 2015, 11 out of 16 infants diagnosed through NBS were enrolled in group 1. Survey results showed overall correct responses for CF and nutrition knowledge. Positive satisfaction with the HV was reported by families and the CF team. The family coping survey (CHIP) provided information that allowed the CF team to tailor the conversation to each family\'s coping style. CHIP results revealed that parents did not prioritize care coping behaviors. Parents reported that the development of an early, strong and close relationship with the medical team helped them cope with a chronically ill child. No difference in nutritional parameters has been noted between enrolled and non‐enrolled patients. Enrolled infants had an overall higher number of hospital admissions and came to clinic more frequently. No significant impact has been shown regarding nutritional status, lung function, frequency of clinic visits, hospital admissions, or phone contacts after completion of the HV. Five patients have been enrolled in group 2. There have been significant barriers to carry out enrollment in group 2.

**Conclusions:** The overall goal of increasing patient/care provider interactions between CF clinic visits has been achieved; however, no impact on clinical outcomes has been noted. This may be attributable to the small sample size. The increase in hospital admissions and clinic visits in group 1 may be related to an increase in early illness recognition. The CHIP results have allowed the CF team to focus on the importance of parental self‐care as this is often neglected. Failure to enroll group 2 patients for HV has caused the CF team to consider a different intervention for this group which is in its early stages of development.

**598** **\*** **▴**

**IDENTIFYING BARRIERS TO MEETING RECOMMENDED BMI IN CYSTIC FIBROSIS PATIENTS**

[Griffin, T.B.]{.ul}; O\'Neil, M.; Holzworth, L.; Beenen, M.; McAllister, S.; Wright, S.; Hazelwood, A.; Killoren, T.; Dunitz, J.M. *Pulmonology/Adult Cystic Fibrosis, University of Minnesota Medical Center, Richfield, MN, USA*

**Introduction**: Underweight individuals with cystic fibrosis (CF) commonly have one or more barriers contributing to their low weight. These factors fall into several categories and include both medical and non‐medical issues. Correctly identifying these specific barriers is essential to finding the most appropriate interventions to promote weight gain. Body mass index (BMI) is often used as a marker of nutritional status. Optimal BMI for CF patients is \>22 kg/m^2^ for females, \>23 kg/m^2^ for males. In the context of a CQI initiative to improve nutritional status, we surveyed our patients to identify barriers to optimal nutrition.

**Objective**: To identify barriers interfering with optimal BMI status in adult patients with cystic fibrosis.

**Methods**: Patients enrolled in our CF center\'s listserv were invited by email to complete a 21 question survey using an online survey website. Participants were allowed 16 days to complete the survey and were given two email reminders. Survey questions were developed by the CQI team under topics including demographics, medical problems, mental health, financial status and enjoyment of eating. The collected responses (n=129) were filtered into BMI groupings of \<21 (n=46), 21‐26 (n=63) and \>26 (n=20). Response summaries within these groups were analyzed for data trends. To ensure the sample obtained represented the center\'s population, incidence of diabetes in the entire sample was compared to Port CF data and was found to be similar.

**Results**: Given our aim to improve nutrition status we focused on data trends within the BMI \<21 group. Compared to the other BMI groupings, this group was found to have increased incidences of diabetes (51%), GI symptoms (48%), decreased appetite (39%), financial barriers (41%) and stated that they need more encouragement (16%) and more ideas (20%) surrounding eating. Incidences of other medical and non‐medical issues were similar among all three BMI groupings.

**Conclusions**: Our results suggest that underweight individuals at our center experience a greater incidence of diabetes, GI symptoms, decreased appetite, and financial hardship and would like more encouragement and ideas surrounding eating. Focusing on specific problems associated with low BMI status may be the best way to promote weight gain and overall nutritional improvement within this group. Notably this risk identification may also help to identify patients who are at risk for weight loss based on their comorbid diagnoses, symptomology, financial status or reported barriers to eating. As a next step of the CQI initiative, a one‐page information sheet outlining financial resources available to CF patients was developed as financial hardship was identified as one of the most prevalent barriers to optimal nutrition. CF team members will distribute the one‐page information sheet and review financial resources with patients with BMI \<21 in clinic during 2016.

**599\***

**TACKLING PARENTAL STRESS AND MEALTIME BEHAVIOR VIA VIDEO‐BASED TELEMEDICINE: A PILOT IN KIDS WITH CF**

[Lewis, M.]{.ul}; Maliszewski, G.; Marriott, L.; Fox, C.; Gordon, C.; Hosty, E.; Scharnhorst, P. *Pediatrics, University of Kansas Health System, Kansas City, KS, USA*

**Objective:** Kids with cystic fibrosis (CF) have problems maintaining a healthy weight related to their disease status, which could increase parental stress and negatively sway perceptions of mealtime behaviors. Evidence‐based and CF‐specific treatments have been shown to reduce parents\' perception of mealtime problems, but these involve a high degree of family burden (eg, travel, extra clinic visits) and clinics (eg, staff time commitments). Our purpose was to pilot a new intervention addressing parenting stress and parents\' negative mealtime perceptions using video‐based telemedicine to reduce trips to the clinic and an individualized problem‐focused curriculum to promote efficiency.

**Methods:** So far, we have recruited 6 families of kids with CF (2‐12 years old) who are struggling to gain weight. Families received a clinic‐provided iPad and participated in monthly video‐based telemedicine sessions lasting 30 minutes each. Two providers fielded each session based on family need (eg, behavior versus nutrition problem) and availability. To determine need, families completed a brief assessment prior to each telemedicine session. They completed the Pediatric Inventory for Parents (PIP) and the Behavioral Pediatric Feeding Assessment Scale (BPFAS) at baseline and 3 months; 6 months data are pending. Descriptive statistics are presented along with effect sizes (Cohen\'s d with Morris and DeShon\'s dependence correction); t‐tests were not performed because of the small sample size.

**Results:** At baseline, mean age of children was 5.6±3.87 years, mean BMI z‐score was ‐0.42±0.66 kg/m^2^, and half were girls. Parents\' mean PIP‐Frequency score was 104.8±17.9 at baseline and 94.5±26.75 at 3 months, showing a slight decrease in the frequency of stressful events (d=0.44). In contrast, parents\' mean PIP‐Difficulty score was virtually unchanged from baseline to 3 months (85.6±23.7 and 85.25±32.4, respectively d=0.01). With respect to mealtimes, parents\' mean BPFAS Parent‐Frequency score was 16.6±4.82 at baseline and 12.75±2.06 at 3 months and their mean BPFAS Child‐Frequency score was 44.4±9.86 at baseline and 41±8.2 at 3 months, both suggesting slight decreases in the perceived frequency of mealtime problems (d=1.92 and d=0.36, respectively). Additionally, there was a decrease in the number of Child Problems reported (M= 2.4±2.1 and M=0.5±0.58, baseline and 3 months, respectively, d=1.17) and in the number of Parent Problems reported (M=0.8±0.84 and M=0.25±0.5, baseline and 3 months, respectively, d=0.62). Overall, qualitative analyses indicate parents endorsed behavioral challenges over nutritional concerns for 62% of sessions (kappa= 0.80).

**Conclusions:** Initial data suggest our problem‐focused and video‐based telemedicine intervention may help to reduce parenting stress and parent‐perceived mealtime problems. Six‐month follow‐ups will be completed in June 2016. Final results will include a comparison of parents\' questionnaire scores from baseline to 6 months. Results will be used to inform an intervention manual which could be tested in a larger clinical trial.

**600**

**EFFECT OF HIGH DOSE VITAMIN D~3~ THERAPY ON SERUM VITAMIN D~3~ LEVELS IN VITAMIN D INSUFFICIENT ADULTS WITH CYSTIC FIBROSIS**

[Regalado Lam Chew Tun, R.]{.ul} ^1^; Porhownik, N.R.^4^; Taback, S.^2^; Oleschuk, C.^3^ *1. Dept. of Nutrition, Health Sciences Centre, Winnipeg, MB, Canada* *; 2. Dept. of Pediatrics and Child Health, University of Manitoba, Winnipeg, MB, Canada* *; 3. Diagnostic Services of Manitoba, Winnipeg, MB, Canada* *; 4. Dept. of Respirology, Health Sciences Centre, Winnipeg, MB, Canada*

**Background:** The effect of a high dose oral cholecalciferol repletion strategy in vitamin D insufficient adults with CF is still unknown. Therefore, we assessed the effectiveness of our current approach, giving oral vitamin D~3~ supplementation at a dose of 10,000 IU from Monday to Friday for a total of 50,000 IU D~3~ weekly in vitamin D insufficient adults with CF.

**Methods:** We performed a retrospective chart review of all 59 adult CF patients between the ages of 17 and 64 years routinely followed at the CF Adult Program of Winnipeg Health Sciences Centre. The Winnipeg CF Clinic is located at latitude 49.8994° N, 97.1392° W. All patients had been diagnosed with CF on the basis of sweat chloride testing, genotyping or both. Adults with CF who had undergone lung transplantation (*n =* 4) or who were known to have cirrhotic liver disease (*n =* 1) or had weekly dosing of vitamin D~3~ below 50,000 IU (*n =* 10) or had weekly dosing of over 50,000 IU (*n =* 3) or who did not have repeat vitamin D testing (*n =* 7) were excluded. This study was approved by the University of Manitoba Health Research Ethics Board. Through consultation with the endocrinologist, our clinic vitamin D repletion protocol for treating CF adult patients who have serum 25‐hydroxyvitamin D (25‐OHD) \< 75 nmol/L (\< 30 ng/mL) was to prescribe vitamin D~3~ 10,000 IU orally from Monday to Friday (or the weekly equivalent of 50,000 IU) for 12 weeks in addition to their regular CF vitamin that supplied from 800‐2000 IU vitamin D~3~ daily. Cholecalciferol was conveniently administered orally as either one capsule 10,000 IU or one tablet 10,000 IU. All patients were instructed to obtain follow‐up serum 25‐OHD levels postcompletion of treatment. Serum 25‐OHD concentrations were measured by a semi‐automated liquid chromatography tandem mass spectrometry (LC‐MS/MS) analysis.

**Results:** Of the 59 adult patients at our CF clinic, 35 patients (59%) had below optimal serum 25‐OHD levels. Of the 35 patients identified, 10 patients with insufficient serum 25‐OHD levels between 25‐75 nmol/L (10‐30 ng/mL) fulfilled the inclusion criteria. A significant increase in serum 25‐OHD levels was observed (*P* \< 0.01) from mean value of 54.1 ± 14.8 nmol/L (21.6 ± 5.9 ng/mL) at baseline to 79.3 ± 22.8 nmol/L (31.7 ± 9.1 ng/mL) ≥ 2 months post intervention. The current treatment approach was successful in treating vitamin D insufficiency in 70% of the patients with low 25‐OHD levels.

**Conclusion:** The results of this study demonstrate that a large number of adults attending Winnipeg Health Sciences Centre CF Clinic have serum 25‐OHD levels below 75 nmol/L (30ng/mL). This supports the need for dedicated and individualized approach to manage this condition. High dose therapy of vitamin D~3~, although a more aggressive treatment approach, may result in achieving optimal levels of serum 25‐OHD in adults with CF.

**601** **▴**

**PROSPECTIVE AUDIT EXAMINING THE RESTING ENERGY EXPENDITURE (REE) OF PAEDIATRIC PATIENTS WITH CYSTIC FIBROSIS**

[O Reilly, M.G.]{.ul} ^1^; Dempsey, C.^1^; Morgan, M.^2^; Slattery, D.^2^ *1. Nutrition and Dietetics, Children\'s University Hospital, Dublin, Dublin, Ireland* *; 2. Respiratory, Children\'s University Hospital, Dublin, Dublin, Ireland*

**Introduction:** REE represents the calories required over a 24‐hour period by the body during an inactive period. REE is 10‐20% greater in CF patients than in healthy controls (Vaisman N, et al. J Pediatr. 1987; 111: 496‐500; Buchdahl RM, et al. J App Phys. 1988; 64:1810‐6). The reasons for this are poorly understood. The objective of this study was to evaluate factors that may influence REE in CF.

**Methods:** REE was measured using the Quark RMR indirect calorimeter in 35 patients between 9.5 and 15.2 years of age (females = 12) at respiratory baseline during routine review. Other parameters collected at this time point included lung function (FEV1), weight, height, BMI, genotype and presence of a gastrostomy tube.

**Results:** Mean REE was 107% of predicted. The increase was greater in females (110%) than males (102%) but this was not statistically significant. There was no significant difference in REE in the pubertal group versus the non‐pubertal group. There was a small positive correlation between FEV1 and REE. Increased weight was associated with higher REE. Those homozygous for ΔF508 (17/35) had lower % REE than those with other genotypes (105 vs 121) but these results were not statistically significant. Those with PEG tubes (12/35) had lower REE than those without (105 vs 115) and also had a lower FEV1 (60% vs 91%).

**Conclusion:** Overall, while REE was elevated in this study it was lower than seen in other studies suggesting good overall health in this group. The higher REE in females is well documented in other studies but is not significantly higher in this group suggesting a narrowing of the gap between genders. Puberty would not seem to exert an obvious impact on requirements in this group. The higher REE seen in those with better FEV1 and non‐homozygous ΔF508 genotypes was novel and it would be useful in future to interpret this alongside body composition and physical activity levels. Perhaps their health encourages improved exercise levels with higher muscle mass and thus higher REE. It is possible that those with PEG have lower REE due to reduced physical effort/muscle mass as a result of decreased lung function. Future studies should investigate muscle and fat mass and activity levels in tandem with REE.

**602**

**BONE HEALTH OUTCOMES ARE MORE THAN VITAMIN D LEVELS**

[Tarn, V.E.]{.ul} ^1,2^; Brantley, C.^2^; Lawrence, J.^3^; Stalvey, M.S.^1^ *1. Pediatrics, UAB, Birmingham, AL, USA* *; 2. Pediatric Pulmonary Center, UAB, Birmingham, AL, USA* *; 3. Human Nutrition & Hospitality Mgt, The University of Alabama, Tuscaloosa, AL, USA*

**Background and Objective:** The University of Alabama at Birmingham/Children\'s of Alabama (UAB/COA) pediatric CF program implemented the CF Foundation\'s (CFF) guidelines for bone health with an algorithm adapted for our program. In order to test the effectiveness of these guidelines within our program, we examined the associations between vitamin D supplementation, serum 25‐hydroxyvitamin D (D25), and bone mineral density (BMD).

**Methods:** We used a retrospective chart review to evaluate patients that were prescribed high dose vitamin D supplementation from 2010 to 2015. D25 and BMD were assessed at baseline and 2 years postsupplementation. The sample included 30 participants composed of 15 females and 15 males with a mean age of 13.7 ± 2.39 years at baseline. There were two groups, group 1 = 2000IU, and group 2 = 3000IU. The mean D25 status for group 1 at baseline was 25.063 ± 5.196 ng/mL. After two years the mean D25 increased to 28.188 ± 6.01 ng/mL. The 3000IU group at baseline was 23.786 ± 7.465ng/mL. After two years the mean D25 increased to 26 ± 11.891ng/mL. Descriptive statistics were generated as well as correlational analyses and multiple linear regression to examine potential relationships between D25 concentration with BMD of the lumbar spine, and total body after 2 years of maximum dose supplementation. Independent *t* tests were run to compare any differences in groups regarding supplementation doses.

**Results:** At baseline, serum D25 levels were found to be significantly associated with BMD at baseline of the lumbar spine (P= 0.049) and total body (P=0.037). However, associations were not seen following the two years of supplementation. No significant differences were noted between the group receiving 2000 IU and the group receiving 3000 IU. Lean body mass (LBM) was found to be significantly associated with BMD at baseline of the lumbar spine (P=0.0003) and total body (P\<.0001). Significant associations between BMD and LBM remained 2 years after supplementation of the lumbar spine (P=0.009) and total body (P=0.0002).

**Conclusions:** Baseline associations showed a link between low D25 and BMD. Although supplementation for patients with deficient levels could result in improvements in BMD, our population never reached the suggested D25 of at least 30ng/mL. Surprisingly, there were no differences noted between groups receiving either 2000 or 3000 IU, concluding increased supplementation was not effective in our patient group. Adherence to the prescribed regimen is always a question that should be addressed. Significant association between LBM and BMD showed the importance of body composition in maintaining bone health and isn\'t emphasized enough in CF. This finding strengthens previous recommendation on weight bearing exercise, and should be highly emphasized to patients. Future research in this area should focus on interventions for preventive care and achieving adequate D25 to attain optimal bone health.

**603**

**ESSENTIAL FATTY ACID ABNORMALITIES ARE COMMON IN YOUNG CHILDREN WITH CYSTIC FIBROSIS**

[Chin, L.H.]{.ul} ^1^; Murali, S.G.^1^; Davis, L.A.^2^; Dumas, S.N.^1^; Lai, H.J.^1,3^; FIRST STUDY GROUP,.^1^ *1. Nutritional Sciences, UW‐Madison, Madison, WI, USA* *; 2. UW Hospital and Clinics, Madison, WI, USA* *; 3. Pediatrics, UW‐Madison, Madison, WI, USA*

**Background:** Children with CF are predisposed to essential fatty acid (EFA) abnormalities, characterized by low levels of linoleic acid (LA) and docosahexaenoic acid (DHA), altered arachidonic acid level (AA), as well as elevated pathologic triene (20:3n‐9) level and triene to tetraene (T/T) ratio. Little is known whether dietary EFA intake is adequate in young children with CF and current CFF infant care guidelines reported insufficient evidence to recommend for or against LA and DHA supplementation.

**Objective:** To evaluate EFA status in the first 2 years of life and its association with dietary intake.

**Methods:** The study population consists of infants enrolled in ***FIRST (Feeding Infants Right... from the STart),*** a multicenter prospective observational study initiated in 2012 at 5 CF Centers (Madison, Milwaukee, Indianapolis, Salt Lake City, and Boston) to identify optimal feeding for infants with CF. A total of 172 erythrocyte specimens from 75 infants who have reached 2 years of age by 06/30/16 were analyzed for FA composition (56 at 3.7±0.2mo, 56 at 12.9±0.2mo, and 60 at 23.3±0.3mo). Types of feeding at 4mo and food records at 24mo were obtained. Expressed as a percentage (by weight) of total FA, EFA abnormalities are defined as EFA deficiency (EFAD) where T/T ratio\>0.02, EFA insufficiency (EFAI) where 0.01\<T/T ratio\<0.02, and elevated triene where triene\>0.1% of total FA.

**Results:** Of the 75 subjects, 8 had meconium ileus (MI), 61 did not have MI but were pancreatic insufficient (PI), and 6 were pancreatic sufficient (PS) (defined as fecal elastase consistently \>200μg/g). The prevalence of EFAD+EFAI and elevated triene increases with age, p\<0.001 (27% & 41% at 4mo, 54% & 54% at 12mo, and 78% & 87% at 24mo). Of the 36 subjects with FA composition analyzed at all 3 ages, only 4 were EFA sufficient throughout; 89% had EFAD/EFAI at least once in the first 2 years of life.

Mean erythrocyte LA level increased with age, p=0.041 (10.2% at 4mo, 10.6% at 12mo, and 10.7% at 24mo), whereas both mean DHA (p\<0.001) and AA (p=0.002) levels decreased with age. Mean DHA was 5.7% at 4mo, 4.8% at 12mo, and 3.4% at 24mo; mean AA was 18.3% at 4mo, 17.4% at 12mo, and 17.3% at 24mo.

Within the PI group at 4mo (n=45), breastfed infants tended to be EFA sufficient compared to formula fed infants and infants on both feeding types. At 24mo, LA intake as % of total calories is positively correlated with erythrocyte LA, r=0.357, p=0.057. Mean LA intake was 6.4g/day; factoring in 15% of fat malabsorption, mean LA intake equates to 5.4g/day, which is well below the AI of 7g/day. No subject above LA intake of 8g (115% of AI) had EFAD and the prevalence of EFAD among those with LA intake \<8g is 26%. Mean alpha linolenic acid intake was 0.9g/day, which is above the AI of 0.7g/day.

**Conclusions:** This preliminary analysis showed that EFA abnormalities are common in young children with CF. At 24mo of age, EFA insufficiency is prevalent even though EFA intake meets the AI. Routine testing and early intervention can detect and potentially correct EFA abnormalities.

Funded by NIH R01DK072126, UL1TR000427, CFFT‐LAI14A0
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**RESPONSE TO VITAMIN D SUPPLEMENTATION PROTOCOL IN CYSTIC FIBROSIS PEDIATRIC PATIENTS**

[Denis, M.]{.ul}; Caron, E.; Marcotte, J.; Lebel, D. *CHU Ste‐Justine, Montreal, QC, Canada*

**Objective**: Previous study of 196 pediatric CF patients done at CHU Ste‐Justine CF Clinic showed that 2% of all patients had serum 25‐hydroxyvitamin D (25(OH)D) deficiency (\<27.5nmol/L), 66% had low levels (27.5‐75nmol/L) and 32% had optimal levels (≥75nmol/L). Results of this study led to a new vitamin D supplementation protocol at our clinic. As part of the new protocol, all patients over 1 year received additional 1000 IU vitamin D, for a total of 1800 IU daily. Those who did not reach optimal levels with this supplementation received additional 10000 IU vitamin D once a week. The objective of this study is to document change in serum vitamin D levels in our CF pediatric population following our new protocol established in May 2012.

**Methods**: Retrospective chart review of vitamin D supplementation and 25(OH)D levels of 137 patients, 126 pancreatic‐insufficient (PI) and 11 pancreatic‐sufficient (PS) one year after protocol implementation.

**Results**: Annual serum 25(OH)D levels from year 2013 are presented. Results from our group of patients are as follows: 61.3% of all patients had optimal 25(OH)D levels (PI = 62.7%, PS = 45%), 38.7% had low levels (PI = 37.3%, PS = 54%) and none had a deficiency. Mean vitamin D supplementation increased from 780 to 1614 IU daily and mean 25(OH)D levels from 67.6 to 82.4 nmol/L. Results showed that 75.9% of all patients received 1800 IU daily, as per protocol. Of those patients, 66.3% had optimal 25(OH)D levels. Mean daily vitamin D supplementation of PS patients was 455 IU and their mean 25(OH)D level was 71 nmol/L.

**Conclusion**: Our protocol established in May 2012 was followed for the majority of our patients and resulted in an important increase of patients having optimal 25(OH)D levels. We now have no vitamin D deficient patients (\< 27.5 nmol/L). PS patients should receive at least 1000 IU of vitamin D per day in order to have adequate 25(OH)D levels.

**605**

**A REVIEW OF ENERGY EXPENDITURE AND RELATED HEALTH OUTCOMES IN CYSTIC FIBROSIS**

[Fennelly, C.]{.ul} ^1^; O\'Reilly, M.^2^; Healy, F.^2^; Younger, K.^1^ *1. Dublin Institute of Technology, Dublin, Ireland* *; 2. Temple Street Children\'s University Hospital, Dublin, Ireland*

**Background:** Resting metabolic rate (RMR) is increased in people with cystic fibrosis (PWCF). However the reasons for this are poorly understood. A result of increased RMR is malnutrition which, in CF, is associated with reduced lung function. Prognosis for PWCF has improved over the years, due in part to more aggressive symptomatic treatment and the introduction of new drugs such as ivacaftor.

**Objective:** To assess the parameters influencing RMR, lung function and nutritional status in PWCF as these are key prognostic indicators in these patients; and to examine the impact of ivacaftor on outcomes in PWCF with the G551D mutation.

**Design:** The study population consisted of 46 PWCF aged 6.8 to 17.1 years. RMR was measured prospectively by indirect calorimetry on 17 patients during routine review, while 29 patients had their RMR measured retrospectively between 2011 and 2014. Other parameters collected included lung function (FEV1), anthropometric measurements, genotype, bacterial colonisation, physical activity level, comorbidities, fat soluble vitamin status and presence of a PEG tube. Statistical analysis was carried out using SPSS for Windows, Version 22.0.

**Outcomes:** Mean RMR was 112% of predicted. Mean BMI was on the 44.4th centile and mean FEV1 was 86.7%. There were no statistically significant associations between any of the parameters assessed and RMR. A significant positive association was found between BMI and FEV1 (r= 0.347, *P*= 0.010). Those with a PEG inserted were found to have a significantly lower BMI centile (30th vs. 51st, P= 0.011) and FEV1 (69% vs. 95%, *P*=0.001) than those without a PEG. This difference in FEV1 persisted after controlling for BMI. Those homozygous for ΔF508 had a significantly lower FEV1 than those heterozygous for the mutation (77% vs. 98%, *P*=0.025), and patients who were colonised with MRSA had a significantly lower FEV1 than those colonised with *Staphylococcus aureus* (62% vs. 93%, *P*=0.022). In addition, diabetic patients had a significantly lower FEV1 than those without diabetes (46% vs. 91%, *P*=0.001). Five patients were taking ivacaftor and they had a significantly higher FEV1 than those not taking the drug (110% vs. 84%, *P*=0.037). A trend toward improvement was observed in all other parameters assessed in relation to ivacaftor, with the exception of height centile. Interestingly, patients who were active and patients with sufficient vitamin D levels demonstrated improved health parameters. However these results were not statistically significant.

**Conclusion:** The study group appear to be maintaining relatively good growth and lung function. The introduction of ivacaftor appears to be of significant benefit to those with the G551D mutation. An increase in RMR was observed as expected, however the parameters affecting RMR remain poorly understood.

**606**

**PATIENT‐CENTERED NUTRITIONAL AND EXERCISE NEEDS IN ADULTS WITH CF**

Aitken, M.L.; Ramos, K.J.; Kapnadak, S.G.; [Lopriore, A.]{.ul} *University of Washington, Seattle, WA, USA*

**Background:** Maintaining optimal nutrition and healthy weight is very important for patients with CF. Despite this, there is limited information about adult CF patients\' perspectives regarding their nutrition and exercise needs. We wished to systematically gather patients\' perceptions of their dietary/physical activity and needs, with a goal to create patient‐centered data allowing for improved quality of care.

**Methods:** A 14‐question survey was designed regarding nutrition and physical well‐being of adult (≥18 years) CF patients. The survey was piloted by CF patients at the University of Washington for feasibility and clarity. Respondents found that the survey took fewer than 10 minutes to complete. All patients seen by the registered dietician (RD) in clinic were asked to complete the survey, which included questions addressing patients\' nutritional concerns, how useful they felt dietician support had been, time spent on food preparation, exercise frequency, and a choice of health‐improvement programs they would find most valuable.

**Results:** 28 patients, 14 men and 14 women, completed the survey (age range 20‐60 years). 21/28 (75%) were pancreatic insufficient. The average FEV1% was 61% (range 20%‐99%). Women\'s average BMI was 23.7 kg/m^2^ (range 16.2‐35.4 kg/m^2^) with 6/14 (42%) below CFF Guidelines and 4/14 (29%) overweight. Men\'s average BMI was 24.9 kg/m^2^ (range 17.0‐35.4 kg/m^2^) with 6/14 (42%) below CFF guidelines and 7/14 (50%) overweight. 8/28 (29%) had CFRD, five using insulin. Oral nutritional supplements were used by 16/28 (57%) to aid in maintaining a healthy weight. 9/28 patients took probiotics, but only 2/9 (22%) on a daily basis.

The majority of patients found the RD visits to be helpful, 25/28 (89%). Patients\' time spent on daily food preparation varied with 43% spending 10‐30 minutes, 32% spending 30‐45 minutes, 21% spending greater than 45 minutes and 4% less than 10 minutes daily. 25/28 (89%) patients reported routine exercise, with 60% exercising more than 30 minutes daily. Walking and strength training were the most popular forms of exercise. Most of the patient\'s primary nutrition concerns were related to maintaining a healthy weight with 9/28 (32%) choosing weight gain and 7/28 (25%) choosing weight loss as the primary concern. The other nutritional concerns were blood glucose control (19%), nutritional education (13%) and digestive health/enzyme use (11%). In terms of nutrition and fitness programs, 10/28 (36%) chose increased access to online nutrition education and fitness information, and 8/28 (29%) would like to have a CF cookbook emphasizing healthy foods.

**Conclusions:** Our preliminary data of patient‐centered nutritional and exercise needs show that most patients have a BMI meeting CFF guidelines. Interestingly some are overweight and wish weight loss. Most patients regularly exercise, and most would like to have improved online access to CF‐specific nutritional education, as well as increased fitness knowledge specific for patients with respiratory disease.

**607**

**URSODEOXYCHOLIC ACID TREATMENT IS ASSOCIATED WITH IMPROVEMENT OF LIVER STIFFNESS IN CYSTIC FIBROSIS RELATED LIVER DISEASE**

[Lamers, C.R.]{.ul} ^1^; van der Feen, C.^1^; van der Doef, H.P.^1,2^; van der Ent, C.K.^3^; Houwen, R.H.^1^ *1. Pediatric Gastroenterology, University Medical Center Utrecht, Utrecht, Netherlands* *; 2. Pediatric Gastroenterology, University Medical Center Groningen, Groningen, Netherlands* *; 3. Pediatric Pulmonology, University Medical Center Utrecht, Utrecht, Netherlands*

**Background and Aims:** Ursodeoxycholic acid might prevent progression of cystic fibrosis‐related liver disease, but objective parameters for its effect are lacking.

**Methods:** An observational study of pediatric cystic fibrosis patients was performed. Each patient had at least two measurements of liver stiffness by transient elastography, at least one year apart, between January 1, 2009 and April 30, 2016. For each patient the difference between the first and last measurement available was calculated and expressed as Δ stiffness in kPa per year, to evaluate the effect of ursodeoxycholic acid.

**Results:** Paired measurements of liver stiffness, with a median interval of 37 months, were done in 126 patients. In 90 patients no ursodeoxycholic acid was given; initial liver stiffness was 4.2 (IQR 3.8‐4.7) kPa. In 36 patients on ursodeoxycholic acid liver stiffness was 9.7 (IQR 6.3‐14.4) kPa. In this group 6 patients had cirrhosis; initial liver stiffness was 22.5 (IQR 14.4‐32.1) kPa. In 20 patients ursodeoxycholic acid was started because of heterogeneous liver ultrasound in combination with either hepatomegaly and/or increased liver enzymes (Colombo criteria); initial liver stiffness was 9.3 (IQR 6.8‐13.6) kPa. In 10 patients ursodeoxycholic acid was started because of other reasons, generally isolated raised transaminases; initial liver stiffness was 5.8 (IQR 4.4‐11.5) kPa.

In the group without ursodeoxycholic acid liver stiffness increased with 0.19 (IQR ‐0.08 to 0.48) kPa/year. Liver stiffness also increased in the group with cirrhosis: 4.56 (IQR 0.68‐14.64) kPa/year. However in the 20 patients in whom ursodeoxycholic acid was started because Colombo criteria were met, a decrease of liver stiffness with 0.48 (IQR ‐1.53 to 1.01) kPa/year was observed, which was significantly different from the increase of liver stiffness in the group without ursodeoxycholic acid (P=0.01). In the 10 patients who had ursodeoxycholic acid for other reasons liver stiffness increased with 0.19 (IQR ‐0.49 to 0.78) kPa/year.

**Conclusion:** These data suggest that ursodeoxycholic acid might be able to reduce liver stiffness when used in patients with well defined, mild liver disease.
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**CARBOHYDRATE METABOLISM IS ALTERED IN CF MICE**

[Perez, A.]{.ul}; Drumm, M.L. *Pediatrics, CWRU, Cleveland, OH, USA*

CFRD incidence has increased as CF patients\' longevity has risen, but even more striking is that ˜75% of CF patients exhibit some form of glucose intolerance that cannot be readily explained. The CF mouse does not exhibit pancreatic insufficiency, therefore represents a good model to study insulin regulation by tissues in the CF context without pancreatic atrophy.

We found that F508del mice fasted for 6 hours had lower basal glucose values than their WT littermates. To further investigate this, glucose tolerance tests (GTT) were performed on 8‐week‐old (male and female) F508del, R117H, and WT mice (C57BL/6J background) after a 12 hour overnight fast. The Table indicates that not only were the basal glucose values significantly lower in the CF mice, but the area under the curve (AUC) was also lower, indicating that CF mice were disposing of the glucose more rapidly than WT. Lower basal glucose values in CF mice correlated with higher ketone values, indicating they were oxidizing more fat than WT. Glucose and ketone values measured in the same mice under fed conditions, one week later, returned to pre‐experimental levels, but still lower or higher, respectively, in CF mice. Lower fasting glucose in CF mice could be due to smaller glycogen pools since CF mice are smaller, and have less fat and muscle mass than WT. The female mice were tested again at 14‐16 weeks of age, and sacrificed either fed or fasted for 6 hours or 12 hours. Total glycogen was measured in the livers of these mice (g glucose whole liver/kg body weight): WT fed 2.38 ± 0.08, n = 5; 6 hour fast 0.61 ± 0.1, n = 16; 12 hour fast 0.02 ± 0.01, n = 14. R117H fed 2.97 ± 0.16, n = 4^\*^; 6 hour fast 1.2 ± 0.22, n = 7^\*^; 12 hour fast 0.007 ± 0.004, n = 5. F508del fed 2.59 ± 0.2, n = 4; 6 hour fast 1.16 ± 0.15, n = 12^\*^; 12 hour fast 0.02 ± 0.01, n = 7. \* p ≤ 0.009. Livers from CF female mice had more glycogen than WT, either in the fed state or after 6hr fasting, yet blood glucose levels were lower, indicating that CF mice may have a problem releasing glucose from stored glycogen. Calorimetry was used to measure respiratory quotient (RQ) in F508del and WT male mice, 11 weeks old for 48 hours (4 each), last 12 hours without food. RQ indicated that in the presence of food, CF mice preferentially burned carbohydrates at night but fat during the day, more so than WT. When food was withdrawn at night, CF mice switched to fat stores sooner that WT. Our data indicate that pancreatic sufficient, [young]{.ul} CF mice are able to use readily available carbohydrates as energy substrate and are more sensitive to their utilization presumably by the periphery (indicating enhanced insulin sensitivity at that age). However, they are less effective at accessing their stored glycogen and deplete dietary carbohydrates faster than WT. This metabolic scenario could contribute to glucose intolerance seen in CF patients even in the absence of CFRD.

Supported by NIH grant DK097829.
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**USE OF PANCREATIC ENZYME MANAGEMENT SMARTPHONE APP IN ADULT CYSTIC FIBROSIS PATIENTS**

[Breeding, Z.R.]{.ul}; Stephen, M.J. *Cystic Fibrosis Center, Drexel Medicine, Philadelphia, PA, USA*

**Background/Objective:** Adequate nutrition is crucial to the health and well‐being of cystic fibrosis (CF) patients. There are generally two ways that CF patients use to calculate pancreatic enzyme replacement therapy (PERT) for each meal. By far the most popular is based on weight, lipase/kg patient/meal. A typical range is 500‐2500 lipase unit/kg patient/meal. This may, however, not be the best way to assess required enzyme dosing and not the best for optimization of nutritional status. The alternative strategy is to calculate the grams of fat in each meal, and then to base pill strength on a known lipase units per gram of fat per meal. This is not commonly undertaken, although is an alternative that has been endorsed by the CF Foundation. This study\'s purpose is to assess the potential benefit in cystic fibrosis patients with exocrine pancreatic insufficiency (EPI) who use a smartphone app to manage dosing of pancreatic enzymes in order to optimize health and nutritional status.

**Methods:** This was a cohort study that evaluated the benefit of using a pancreatic enzyme management smartphone app. Inclusion criteria included: 18 years of age or older, diagnosis of pancreatic insufficiency, currently using PERT, and who own a smartphone. A smartphone app was developed using the fat to lipase ratio to regulate number of enzymes taken with meals and snacks determined by the number of fat grams using an internal food catalog. Patients with EPI and smartphone devices provided verbal consent during clinic hours. Participants were asked to complete an initial gastrointestinal and stool questionnaire followed by a five‐day food and pancreatic enzyme diary. Using this information, participants were provided with a fat to lipase ratio and instructed to use the smartphone app for seven days. At the end of this period, participants will complete a follow‐up gastrointestinal and stool questionnaire to assess changes in reported symptoms.

**Results:** We have enrolled five participants to date. On the initial stool questionnaires, participants reported approximately 3 stools daily with an average of 4 gastrointestinal complaints daily. One participant has completed the study. On the initial questionnaire, this patient reported approximately 4.3 stools and an average of 7 GI complaints daily. On the final assessment, this patient reported a 100% reduction in GI complaints, 47% fewer bowel movements, and improved weight gain after 1 week of using the smartphone app. Further information is needed from the remaining participants in order to assess potential benefits of the pancreatic management smartphone app.

**Discussion:** While the study is still ongoing, the initial results show promise in resolving gastrointestinal complaints and weight gain. We hypothesize these results will continue to prove the efficacy of a smartphone app to manage pancreatic enzyme replacement therapy and optimize the nutritional status of pancreatic insufficient cystic fibrosis patients.

**610**

**SIMPLE BIOMARKERS CORRELATE WITH LIVER ULTRASOUND SCAN ABNORMALITIES IN CHILDREN WITH CF**

Ling, S.^2^; Ye, W.^7^; Leung, D.H.^3^; Weymann, A.^4^; Karnsakul, W.^5^; Freeman, A.J.^6^; Magee, J.^7^; [Narkewicz, M.R.]{.ul} ^1^ *1. Univ of Colorado SOM and Children\'s Hospital Colorado, Aurora, CO, USA* *; 2. Hospital for Sick Children and Univ of Toronto, Toronto, ON, Canada* *; 3. Baylor College of Medicine/Texas Children\'s Hosp, Houston, TX, USA* *; 4. Washington Univ School of Medicine, St Louis, MO, USA* *; 5. Johns Hopkins Univ School of Medicine, Baltimore, MD, USA* *; 6. Emory Univ School of Medicine, Atlanta, GA, USA* *; 7. Univ of Michigan, Ann Arbor, MI, USA*

**Background:** Cirrhotic CF liver disease (CFLD) is the third leading cause of death in CF and affects only 5‐7%. Identification of children with progressive CFLD at an early stage would enable targeted study of preventative therapies.

**Methods:** We studied all 251 eligible children enrolled in an ongoing multicenter, prospective study investigating the utility of early abdominal ultrasonography (US) to predict later cirrhosis (PUSH study, NCT01144507). Children with pancreatic insufficient CF age 3‐12y with heterogeneous liver on US (HTG, n=63) were matched 1:2 with children with CF and normal US (NL, n=125). We also included children with nodular livers (NOD, n=24) and bright homogeneous livers (HMG, n=39) at baseline. We used baseline blood work and US data, expressed US spleen size as age‐adjusted z‐score (SSAZ), calculated the AST to platelet ratio index (APRI) and the fibrosis index based on 4 factors (FIB4), and undertook univariate analysis and multivariable modeling.

**Results:** Univariate analysis showed significant differences between US groups for platelet count, ALT, AST, GGT, APRI, FIB‐4, and SSAZ (Table). Multivariable regression models were developed for NOD vs. NL with AUROC 0.95 for a final model that included GGT and SSAZ, and 0.94 for a final model with FIB4 and GGT. Models were tested to distinguish HTG vs. NL but only GGT remained in the final model (AUROC 0.71). The best model to distinguish NOD vs. HTG included FIB4 and alkaline phosphatase (AUROC 0.80). HMG vs NL was distinguished by a model with age at US, ethnicity (Hispanic vs not), body mass index z‐score and ALT (AUROC 0.83).

**Conclusion:** Liver US appearances in children with CF correlate with changes in simple biomarkers of liver disease, with values for HTG intermediate between those of NL and NOD. Multivariable models of simple biomarkers have excellent discriminating ability for NL vs NOD. Our findings are supportive that US grades may correlate with the development of liver disease that causes changes in blood work and spleen size variables. Our future studies will explore longitudinal changes in simple biomarkers in children who transition between US grades over time, such as from NL to HTG and HTG to NOD.
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**CARNITINE DEFICIENCY IN CHILDREN WITH CYSTIC FIBROSIS AND ELEVATED LIVER TRANSAMINASES: A CASE SERIES**

Mehta, P.^1^; Capocelli, K.^3^; Sagel, S.D.^2^; [Narkewicz, M.R.]{.ul} ^1^ *1. Pediatric Gastroenterology, Hepatology and Nutrition, Children\'s Hospital Colorado, Aurora, CO, USA* *; 2. Pediatric Pulmonology, Univ of Colorado SOM and Children\'s Hospital Colorado, Aurora, CO, USA* *; 3. Pediatric Pathology, Univ of Colorado SOM and Children\'s Hosp Colorado, Aurora, CO, USA*

**Background**: Carnitine deficiency is associated with a wide range of diseases and causes significant morbidity and mortality yet there are limited data regarding carnitine deficiency in cystic fibrosis (CF) and liver disease. As part of our clinical practice, we have incorporated carnitine testing into the second tier evaluation for elevated liver transaminases for children with CF. Here we report the results of these evaluations.

**Methods**: Retrospective single‐center case series describing results of carnitine status testing in pediatric patients with cystic fibrosis and elevated AST and/or ALT. Carnitine testing included total and free carnitine, acylcarnitines and the ratio of acylcarnitine to free carnitine.

**Results**: We identified 15 pediatric patients with CF with elevated AST or ALT who underwent an evaluation that included carnitine testing. Of these, 6 (40%) were found to have carnitine deficiency (see Table). Three of these patients had hepatic steatosis on imaging and one on liver biopsy.

**Conclusion**: Carnitine deficiency should be considered in pediatric CF patients with elevated AST or ALT, particularly in the setting of hepatic steatosis or malnutrition.
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**MAXIMUM PANCREATIC ENZYME DOSAGE AND ACID BLOCKER USE ARE PREVALENT IN YOUNG INFANTS WITH CYSTIC FIBROSIS**

[Schuchardt, M.L.]{.ul} ^1^; Lai, H.J.^1,2^; FIRST STUDY GROUP,.^1^ *1. Nutritional Sciences, UW‐Madison, Madison, WI, USA* *; 2. Pediatrics, UW‐Madison, Madison, WI, USA*

**Background:** Optimal pancreatic enzyme replacement therapy (PERT) dosage is unknown for infants with CF. The 2009 CFF Infant Care Guidelines adopted the dosages established in the 1990s based on preventing fibrosing colonopathy. It is recommended that PERT be initiated at a dose of 2000‐5000 lipase units/feeding (fdg) but not exceed 2500 lipase units/kg/fdg or 10000 lipase units/kg/day. Acid blockers (H2 antagonists or proton pump inhibitors (PPI)) can be prescribed to treat adverse GI symptoms and/or help improve enzyme efficacy; however there are no current guidelines for use in infants.

**Objectives:** To characterize PERT dosing patterns and use of acid blockers in infants with CF during the first year of life.

**Method:** The study population includes 96 infants born during 2/2012‐12/2014, diagnosed through newborn screening, and enrolled at age 1.6 ± 0.8mo in *FIRST (Feeding Infants Right... from the STart),* a multicenter prospective study being conducted at 5 CF centers (Madison, Milwaukee, Indianapolis, Salt Lake City, Boston) to identify optimal feeding for infants with CF. PERT dose, feeding patterns and medication use are assessed at monthly CF center visits through 6mo of age and bi‐monthly visits through 1 year of age.

**Results:** PERT was prescribed to 88 (92%) infants. At 2mo of age 1% received \>2500 units/kg/fdg and 29% received \>10000 units/kg/day. At 12mo of age 9% received \>2500 units/kg/fdg and 39% received \>10000 units/kg/day. Center variation was found to be the most significant factor influencing PERT dosing. At 2mo of age, the percentage of infants exceeding 10000 units/kg/day at each center was 7%, 18%, 27%, 67%, 100% respectively (p\<.0001). At 12mo of age these percentages increased to 25‐89% (p=.005). Acid blocker use was reported in 66% (n=63) of infants in the first year of life. Of the 63 who took an acid blocker 44% (n=28) received only H2 blocker, 19% (n=12) only PPI and 37% (n=23) received both. Of the infants who received both, 91% (n=21) changed from a H2 blocker to a PPI. Acid blockers were initiated at 2.6 ± 2.3mo with 71% starting before 3mo of age. The average duration on either H2 or PPI was 6.4 ± 3.7mo. Acid blocker use was found to vary significantly by center. The percentage of infants on an acid blocker at each center was 25%, 31%, 60%, 82% and 97%, respectively (p\<.001). One center started acid blockers significantly later than the other 4 centers (p=0.004) but the duration on acid blockers did not significantly differ among sites (p=0.4). At 2, 6 and 12mo of age, no significant difference in enzyme dose or percent of infants exceeding \>2500 units/kg/fdg or 10000 units/kg/day was found between infants receiving acid blockers and those not. Infants on acid blockers tended to have lower weight and length percentiles, but these differences were not significant.

**Conclusion:** Our study shows one‐third of infants exceeded maximum PERT dosage and two‐thirds received acid blockers. Clinician prescribing practices significantly influenced both PERT dosages and acid blocker use. Potential benefits (improved growth/GI symptoms) versus risks of high PERT dosages and extended use of acid blockers remain to be investigated.

Funded by NIH R01DK072126, UL1TR000427, CFFT‐LAI14A0.

**613**

**DEVELOPMENT OF A NOVEL DEVICE TO ASSESS THE BODY COMPOSITION OF CHILDREN WITH CYSTIC FIBROSIS**

[Buttigieg, E.]{.ul} ^3^; Pietsch, J.^1^; Brown, R.F.^2^ *1. Pediatric Surgery, Vanderbilt Children\'s Hospital, Nashville, TN, USA* *; 2. Pulmonology, Vanderbilt Children\'s Hospital, Nashville, TN, USA* *; 3. Vanderbilt Children\'s Hospital, Nashville, TN, USA*

**Objective:** 1. Compare accuracy of an investigational bioelectrical impedance vector analysis (BIVA) device with a commercially available device, Bodystat®, to measure tissue resistance and reactance.

2\. Assess use of the BIVA Device compared with height/weight to assess nutritional status trends in CF patients over successive clinic visits.

3\. Assess use of the BIVA Device compared to Ins/Outs and clinical assesement to measure body water status in hospitalized patients.

**Methods:** This prospective cohort study thus far includes 30 CF patients aged 0‐18 y, mean 3.54. Enrolled patients have their tissue resistance and reactance measured by the BIVA device and select patients with Bodystat® (Figure A) at each clinic visit. These data are remotely transmitted to a smartphone, mapped on a BIVA nomogram (Figure B) and compared to recorded height, weight, Ins/Outs, and clinical nutritional assessment.

**Results:** BIVA device measurements are strongly, directly correlated to the Bodystat® with R‐squared values of 0.99 and 0.80 for tissue resistance and reactance respectively. In the clinic, BIVA device measurements directly correlate with height/weight measurements in that patients found to have decreased body cell mass with the BIVA device concurrently have lower weight for length/BMI percentiles and vice versa. Furthermore, BIVA device measurements correlate with nutritional status trends over successive visits. In hospitalized patients, body water changes, as indicated by Ins/Outs and clinical assesement, directly correlate with trends in BIVA device measurements.

**Conclusion:** The BIVA device is equally accurate in comparison with Bodystat® at measuring tissue resistance and reactance. Both in the clinic and the hospital, BIVA device measurements generally correlate with the clinical assessment of nutritional status. Future directions include sending BIVA devices, home empowering patients and their parents to monitor their nutritional status from home with communication of results to their provider. Overall, use of this BIVA device, as indicated in this study, can allow for earlier, more accurate detection of nutritional deficiencies, decreased clinic visits through remote monitoring of nutritional status and improved patient outcomes.

![](PPUL-51-S194-g102.jpg "ppul23576-gra-0102")

**A. BIVA Device Placement:** Electrodes on hand/foot between which a small current is passed to measure tissue resistance and reactance. **B. BIVA Nomogram:** Measurement z‐scores are plotted on the x and y axis with the 50th, 75th, and 95th percentile tolerance ellipses mapped for reference. Data lying outside the 95th percentile are abnormal, specifically designated by the quadrant location.
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**THE EFFECT OF PROTON PUMP INHIBITORS AND H2 BLOCKERS ON BMI AND PULMONARY FUNCTION TESTS IN CYSTIC FIBROSIS PATIENTS RECEIVING PANCREATIC ENZYMES**

Fanous, H.^2^; Wang, G.^1^; Ogunlesi, F.^2^; [Sami‐Zakhari, I.]{.ul} ^2^ *1. School of Psychology and Cognitive Science, East China Normal University, Shanghai, China* *; 2. Pulmonary & Sleep Medicine, Children\'s National Health System, Washington, DC, USA*

**Background:** More than 85% of cystic fibrosis (CF) patients have pancreatic insufficiency causing malabsorption that impacts body mass index (BMI) and hence pulmonary function. This necessitates supplementation with pancreatic enzymes. Some patients require proton pump inhibitors (PPI) or H2 blockers not only to treat symptoms of gastroesophageal reflux, but also to decrease gastric acidity, and optimize pancreatic enzyme activity.

**Objective:** Our primary objective was to determine the effect of PPI or H2 blocker administration on BMI, and pulmonary function as a secondary objective in patients with CF.

**Design/Methods:** A cross‐sectional study of CF patients at Children\'s National Medical Center CF center from January 2014 through December 2014 was conducted. CF patients ages 2‐25 years, were categorized into three groups and compared to each other. Group 1 received pancreatic enzymes only (n=19); Group 2, received enzymes plus a PPI (n=44). Group 3 received enzymes and H2 blockers (n=23). Total eligible patients n=86. The primary outcome was the mean BMI. The secondary outcome was mean FEV1.

**Results/Discussion:** Mean BMI in Group 1 was 17.7 ± 3.4 (SD), 20.1 ± 11.7 (SD) in group 2, and 18.1 ± 3.7 (SD) in group 3, p=0.887. Pulmonary function testing showed a mean FEV1 of 90.1 ± 22.5 (SD) in group 1, 78.3 ± 23.9 (SD) in group 2 and 81.7 ± 28.4(SD) in group 3, p=0.454). There was no gender effect in any of the groups.

**Conclusion:** There was no statistically significant change in mean BMI in patients on PPI or H2 blockers when compared to those only on enzyme supplements. Although the difference in mean FEV1 may be clinically significant, it did not reach statistical significance, possibly due to the small sample size. Reducing gastric acidity to achieve optimal environment for pancreatic enzymes functioning did not improve BMI or FEV1 significantly in our cohort of CF patients.

**615**

**T1 MRI ASSESSMENTS OF THE LIVER IN PATIENTS WITH CYSTIC FIBROSIS**

[Donnola, S.]{.ul} ^1^; Weaver, D.^2,3^; Hodges, C.A.^2,4^; Drumm, M.L.^2,4^; Konstan, M.^2,3^; McBennett, K.^2,3^; Flask, C.A.^1,2,5^ *1. Radiology, Case Western Reserve University, Cleveland, OH, USA* *; 2. Pediatrics, Case Western Reserve University, Cleveland, OH, USA* *; 3. Rainbow Babies and Children\'s Hospital, Cleveland, OH, USA* *; 4. Genetics, Case Western Reserve University, Cleveland, OH, USA* *; 5. Biomedical Engineering, Case Western Reserve University, Cleveland, OH, USA*

**Background**: Cystic fibrosis‐associated liver disease (CFLD) is the third most common cause of death, accounting for roughly 2% of mortality (Scott‐Jupp R, et al. Arch Dis Child. 1991;66:698‐701). Out of the 30% of CF patients who are estimated to develop liver disease, 1‐8% of them end up with portal hypertension and end‐stage liver disease (ESLD) (Colombo C. Curr Opin Pulm Med. 2007;13:529‐36; Kobelska‐Dubiel N, et al. Prz Gastroenterol. 2014;9:136‐41; Herrman U, et al. Best Pract Res Clin Gastroenterol. 2010;24:585‐92). There is no diagnostic gold standard and the progression of liver disease in these patients is poorly understood. Abdominal complications have been identified using ultrasonography and magnetic resonance imaging (MRI). In this study, we used a rapid and quantitative T1 MRI technique to assess hepatobiliary dilatation in patients with CF.

**Objective:** To determine whether T1 relaxation time MRI assessments can quantitatively detect hepatobiliary dilatation in CF patients.

**Methods:** Adult cystic fibrosis patients (5 male, 3 female; age=18‐49) and healthy volunteers (4 male, 2 female; age=18‐45) were recruited from the Leroy W. Matthews Cystic Fibrosis Center, Rainbow Babies and Children\'s Hospital, Cleveland, OH. The CF patients had a range of lung disease (FEV~1~ = 45 ‐ 127%) but only one CF patient showed signs of early liver disease as evidenced by elevated gamma‐glutamyl transpeptidase (GGT) levels. The non‐CF volunteers had no known liver disease. Quantitative T1 relaxation time maps of each subject\'s liver were obtained using a Siemens Espree 1.5T MRI scanner. The T1 data were acquired in a single breath hold using a rapid snapshot inversion MRI technique similar to previously described methods to assess CF lung disease (Donnola SB, et al. J Cyst Fibros. 2015). Biliary dilatation was measured for each subject by manually segmenting the bile ducts (high T1 values) from the normal liver parenchyma (lower T1 values) in each imaging slice. The percent bile duct area in each imaging slice was calculated as: (Bile Duct Area / Total Liver Area) \* 100%.

**Results:** Visible increases in bile ducts were observed in the liver T1 maps for the CF patients.

The mean % bile duct area for the CF patients was significantly increased in comparison to non‐CF volunteers (5.8% vs 3.0%, p = 0.002). Importantly, these liver changes were observed despite all CF patients having essentially normal liver function.

**Conclusion:** This initial study confirms that T1 MRI can quantitatively detect hepatobiliary dilatation associated with early liver disease in CF patients. These results are also consistent with previous T1 MRI results in a rat model of congenital hepatic fibrosis (Gao Y, NMR Biomed. 2016;29:84‐9). This T1 MRI marker may provide an important assessment of CF‐related liver disease that can be used to assess liver disease progression as well as efficacy of CFTR‐corrector therapies.

Supported by Cystic Fibrosis Foundation.
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**A MULTIDISCIPLINARY APPROACH TO IMPROVING THE DIAGNOSIS AND MANAGEMENT OF CFRD IN AN ADULT CYSTIC FIBROSIS CENTER**

[Broadhead, K.]{.ul}; Kim, J.; Bajaj, M.; Connealy, C.; Wheeler, C.; Katz, M.; Barto, T. *Adult Cystic Fibrosis Center, Baylor College of Medicine, Houston, TX, USA*

**Introduction**: Cystic fibrosis‐related diabetes (CFRD) is the most common comorbid condition in patients with Cystic Fibrosis (CF). According to the 2014 cystic fibrosis Patient Registry Data Report, 35% of people with CF age 18 years or old have CFRD. It is associated with deterioration in pulmonary function, decline in nutrition status (Lanng et al. Eur J Pediatr. 1992;151:84--7), and increased risk of early death (Rodman et al. Medicine (Baltimore). 1986; 65:389‐97).

**Objective**: The Baylor College of Medicine (BCM) Adult Cystic Fibrosis Center is a large adult center in Houston, Texas. There are 255 active patients in the 2015 registry data set, 99 of which have been diagnosed with either impaired glucose tolerance or CFRD. In light of the significant impact CFRD has on morbidity in adults with CF and the prevalence in our clinic population, it was determined that an organized multidisciplinary approach to diagnosis and management of this cohort is essential to improve clinical outcomes. We hypothesize that the formation of a CFRD multidisciplinary clinic and committee will lead to more timely diagnosis and improved management of CFRD.

**Methods**: We formed a multidisciplinary committee in November 2015 composed of members from the CF center team and adult endocrine section including physicians, nurses, dietitians, administrators, and diabetes educators. This multidisciplinary committee has met monthly with an agenda that includes: 1. development of algorithms for timely diagnosis and monitoring; 2. operational changes that will streamline the care of patients with CFRD; and 3. case management discussion of complicated CFRD patients.

**Results**: As a result of the committee\'s effort, we have created an endocrine referral protocol and CFRD care algorithm as well as formed a comprehensive CFRD clinic including CF and endocrine care providers and a diabetes educator. This CFRD clinic is offered monthly and allows patients to see a pulmonologist for routine CF care, an endocrinologist for diabetes maintenance, receive diabetes education and nutritional evaluation in consecutive appointments. Providers are able to discuss the care of the patient in person in real time, leading to maximized communication between care teams and improved efficiency in patient care.

**Conclusions:** We hypothesized that the formation of CFRD committee and multidisciplinary clinic will lead to more timely diagnosis and improved management of CFRD. We plan on presenting our data pre‐ and 6 and 12 months post‐clinic creation to evaluate the number of patients completing yearly 2‐hour OGTT, the number of patients with IGT or CFRD completing outpatient endocrine appointments each quarter, and percent of patients using insulin pumps to control diabetes. We will also trend clinical outcomes, such as lung function, nutritional status, and hemoglobin A1c as a marker of diabetes control.
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**ESSENTIAL FATTY ACID CONTENT APPEARS LOW IN BREAST MILK AND DIET OF MOTHERS OF INFANTS WITH CF**

[Shoff, S.M.]{.ul}; Lai, H.J.; FIRST STUDY GROUP,. *Nutritional Sciences, University of Wisconsin, Madison, WI, USA*

**Background:** Fatty acid (FA) composition of breast milk (BM) is influenced by maternal diet. This variability raises concerns whether exclusive breastfeeding provides adequate amount of essential FAs (EFA) for infants with CF. According to Dietary Reference Intakes, the Adequate Intake (AI) for the principle EFA, linoleic acid (LA), for infants 0‐6 mo is 4.4 g/day. The AI is estimated based on an average daily BM intake of 780 mL that contains 31 g of total fat (55% of calories from fat). When factoring in 15% fat malabsorption, CF infants who are exclusively breastfed would not have adequate LA intake unless BM intake is increased to ˜900 mL/day, or LA content in BM is enriched to 5.1 g/780 mL.

**Objective:** To determine FA profile in BM and its association to maternal dietary FA intake.

**Methods:** FIRST (Feeding Infants Right...from the STart) is a multi‐center prospective observational study initiated in 2012 at 5 CF centers (Madison, Milwaukee, Boston, Indianapolis and Salt Lake City) to identify optimal feeding for infants with CF. In 2015, the BM sub‐study was initiated. As of 6/30/16, 12 mothers (age 32±4 y) were enrolled and 39 BM samples collected at 4.6±2.3 mo postpartum were analyzed. Maternal dietary intakes were also obtained by food frequency questionnaires (n=28). Six (50%), 2 (17%) and 4 (33%) women exclusively breast fed for \<1 mo, 1‐2 mo and 4‐5 mo, respectively.

**Results:** Caloric density averaged 21.3 kcal/oz but varied greatly among BM samples (15.1 to 36.1 kcal/oz). Protein averaged 0.3 g/oz (6.7% calories) and ranged 0.2‐0.6 g/oz (3.3‐12.1% calories). Total fat averaged 1.2 g/oz, (47.7% calories) and ranged 0.5‐2.7 g/oz (27‐67% calories). Average caloric density and protein content were similar to, but fat content was lower than, the values used to establish the AI for healthy infants. EFA content also varied greatly. LA averaged 0.18 g/oz (range 0.06‐0.36) and represented 15.3% of total fat (range 9.3‐20.6%). Linolenic acid (LNA) and docosahexaenoic acid (DHA) averaged 0.015 g/oz (range 0.00‐0.03) and 0.003 g/oz (range 0.001‐0.009), respectively. Based on the above compositional data, 780 mL of the BM from these samples would provide an average of 4.7 g of LA, which meets the AI, but 47% of the samples would contain less, with the lowest providing only 1.6 g of LA in 780 mL of BM. Taking into account 15% fat malabsorption, 71% of the BM samples would not be able to provide sufficient LA for infants with CF. Maternal LA intake averaged 13.1±4.3 g/day and 57% of the mothers\' LA intake was below the AI for lactating women (13 g/day). The ratio of dietary LA to LNA was 10±3, indicating typical American diet. LA content in BM (as % of total fat) was positively correlated with maternal LA (r=0.5, p=0.02), total polyunsaturated FAs (r=0.4, p=0.03) and total fat (r=0.4, p=0.03).

**Conclusions:** This preliminary analysis indicated that most of the breast milk samples appear to contain insufficient linoleic acid for CF infants. Future analysis will assess the association between breast milk EFA and infants\' EFA status, which may help explain EFA deficiency in infants with CF. LA content in breast milk and maternal diet was significantly correlated, thus can be increased by supplementing maternal diet.

Funded by CFFT‐LAI14A0, R56DK109692.
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**DEFINING CYSTIC FIBROSIS‐RELATED ANEMIA USING THE US CF FOUNDATION PATIENT REGISTRY**

[Gifford, A.H.]{.ul} ^1^; O\'sullivan, B.P.^2^; Sabadosa, K.^3^; MacKenzie, T.A.^3^ *1. Medicine, Dartmouth‐Hitchcock Medical Center, Lebanon, NH, USA* *; 2. Pediatrics, Dartmouth‐Hitchcock Medical Center, Lebanon, NH, USA* *; 3. The Dartmouth Institute for Health Policy and Clinical Practice, Hanover, NH, USA*

**Background:** Anemia is a complication of chronic diseases, but its prevalence and clinical implications have not been defined in adults with CF. Normal ranges for hemoglobin used by clinical laboratories do not account for demographic and clinical attributes of CF patients that could influence hemoglobin levels. The objectives of this study were to determine the prevalence of CF‐related anemia using data from the US CF Foundation Patient Registry (CFFPR), to elucidate associations between anemia and comorbidities, and to identify variation in mean hemoglobin concentrations reported by US CF care programs between 2010 and 2013.

**Methods:** We defined CF‐related anemia by race and gender in CFFPR registrants ≥18 years of age as a hemoglobin value below the fifth percentile of mean values for adults in the Scripps‐Kaiser and National Health and Nutrition Examination Survey (NHANES) databases. We modeled the likelihood that anemic adults with CF had specific clinical attributes compared to those who were not anemic. We characterized program‐specific variation in mean hemoglobin readings.

**Results:** Of the 12,467 adult registrants with ≥1 hemoglobin measurement between 2010 and 2013, at least 40% of White males, 45% of White females, 35% of Black males, 40% of Black females, 15% of Hispanic males, and 30% of Hispanic females were anemic. Lower hemoglobin values were associated with lower FEV~1~. Mean hemoglobin concentration across CF care programs was 13.34 gm/dL (Figure). White males with anemia were at least twice as likely as White males without anemia to have had cirrhosis, FEV~1~ \<40% predicted, any hospitalizations between 2010 and 2013, and to have been treated with prednisone. Compared to White males without anemia, those with anemia were 1.65 times more likely to have had a BMI \<23 kg/m^2^, 1.61 times more likely to have had massive hemoptysis, 1.20 times more likely to have had a pulmonary exacerbation (PEx), and 1.11 times more likely to have CF‐related diabetes (CFRD). White CF females with anemia were at least twice as likely as White CF females without anemia to have used prednisone and to have had cirrhosis. Few clinical correlations were apparent for Blacks and Hispanics with and without anemia.

**Conclusions:** Anemia is a prevalent complication in adults with CF and is associated with specific patient attributes. Variation in hemoglobin concentration among US CF care programs requires further explanation.

![](PPUL-51-S194-g103.jpg "ppul23576-gra-0103")

**Figure**. Distribution of the weighted mean for hemoglobin values among US CF programs, 2010‐2013. Calculations were adjusted for variation in the number of hemoglobin entries per program. The dashed line denotes the mean. The dotted lines denote ± 1 SD.
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**IVACAFTOR THERAPY INCREASES BMI BUT DOES NOT AFFECT SERUM CHOLESTEROL IN PATIENTS WITH GATING MUTATIONS**

[Looi, E.]{.ul} ^1^; Jones, A.^1,2^; Barry, P.J.^1,2^ *1. Manchester Adult Cystic Fibrosis Centre, University Hospital of South Manchester, Wythenshawe, Greater Manchester, United Kingdom* *; 2. Institute of Inflammation and Repair, University of Manchester, Manchester, United Kingdom*

**Introduction:** Ivacaftor therapy for patients with cystic fibrosis carrying class III mutations has been demonstrated to lead to significant improvements in nutritional parameters in clinical trials and real‐world clinical practice. Absorption of ivacaftor is increased by co‐administration with fat‐containing foods, and all patients are advised to accompany ivacaftor therapy with a high fat meal or snack. These factors could potentially alter the lipid profile of patients receiving this therapy. We therefore aimed to assess if ivacaftor therapy may influence serum cholesterol and lipid profiles in cystic fibrosis patients.

**Methods:** We conducted a retrospective observational study of cholesterol measurements and lipid profiles of cystic fibrosis patients with eligible genotypes who commenced ivacaftor therapy when made clinically available in England. Serum cholesterol is routinely measured following 12 hours fasting at annual reviews for patients attending our centre. Baseline demographics at the time of commencing ivacaftor were recorded as were two lipid profiles pre and post ivacaftor commencement. If two cholesterol concentrations were available at either time period, measurements were averaged. Paired t‐tests and Wilcoxon signed rank tests were used as appropriate. A p value \<0.05 was deemed statistically significant.

**Results:** 30 patients had pre‐ and post‐ivacaftor cholesterol measurements performed (18 male:12 female). Mean age was 30.5 ± 9.0 years. Ivacaftor therapy was indicated for the *Ser549Asn* mutation in one patient with all other patients being either homozygote or heterozygote for the *Gly551Asp* mutation. There was a statistically significant increase in BMI at 6 months post‐ivacaftor initiation (22.1 ± 3.3 vs 23.0 ± 3.2 kg/m^2^, p\<0.001). There was no significant change in serum cholesterol measurements pre‐ or post‐ivacaftor commencement (3.6 ± 0.7 vs 3.7 ± 0.6 mmol/L, p=0.479). No patients were prescribed lipid lowering therapy during the period of study. A subset of 9 patients had full lipid profiles recorded pre‐ and post‐ivacaftor. In these subjects, ivacaftor therapy did not significantly alter serum HDL, LDL or triglyceride concentrations.

**Conclusions:** Ivacaftor therapy leads to significant increases in nutritional parameters in cystic fibrosis patients carrying a gating mutation but does not alter serum cholesterol or lipid profiles. This finding is reassuring for the future health of this population of patients.
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**AN HISTORICAL PERSPECTIVE OF DIETARY INTAKE STUDIES IN CHILDREN WITH CYSTIC FIBROSIS: A SYSTEMATIC REVIEW**

[Sutherland, R.E.]{.ul} ^1^; Collins, C.^2^; Brunner, R.^3^; Ooi, C.Y.^1,4^; Katz, T.E.^4^ *1. Univ. of New South Wales, Sydney, NSW, Australia* *; 2. Univ. of Newcastle, Sydney, NSW, Australia* *; 3. Univ. of Wollongong, Wollongong, NSW, Australia* *; 4. Sydney Children\'s Hospital, Sydney, NSW, Australia*

**Background:** There is a paucity of contemporary information regarding dietary intake in children with cystic fibrosis (CF). Over recent decades, significant improvements in survival and the advent of novel therapies have seen the landscape of CF transformed from a childhood disease to a chronic disease of adulthood. Comorbidities including cardiovascular disease, osteopenia and gastrointestinal cancers have become increasingly prevalent (CF Foundation 2014 Annual Report). Nutrition dogma needs to extend from nutrition for growth and survival, to nutrition for health and well‐being.

**Objective:** To provide an historical perspective of dietary intake data among children with CF from 1969 to 2016.

**Methods:** A systematic review of the literature was conducted via MEDLINE and EMBASE using the following search terms: cystic fibrosis; diet records; dietary assessment; food frequency; 24‐hour recall; food intake; child\*; paediatric\*; adolescent\*. Additional articles were identified by collaboration with clinical experts and through screening bibliographies of relevant articles. Inclusion criteria for eligible articles were: English full‐text, subjects aged 0‐18 years, established diagnosis of CF, and dietary assessment in the absence of enteral nutrition intervention. Three independent authors simultaneously extracted relevant data using pre‐established data fields: dietary methodology, energy, macro‐ and micro‐nutrient intake, food group variety, and adherence to dietary guidelines. The collected data were crosschecked for completeness.

**Results:** Forty‐nine studies met our inclusion criteria. Overwhelmingly, dietary evaluation was confined to energy (100% of studies) with fat the predominant macronutrient measured (78% \[n=38\]), followed by protein and carbohydrates in 49% (n=24) and 37% (n=18) of studies, respectively. In contrast, only 11 studies (22%) assessed a limited range of micronutrients, and only one (2%) sought to appraise food group variety. Weighed food records (3‐7 days) were the predominant dietary assessment methodology, accounting for 57% (n=28) of studies. Other methods included 24‐hour recall (12% \[n=6\]), unweighed food records (22% \[n=11\]) and diet histories (6% \[n=3\]); only one study (2%) utilised a food frequency questionnaire. Over half (55%) of the studies included less than 30 subjects and only 18 (37%) used a control group. Most (76% \[n=37\]) of the 49 studies were conducted prior to 2000. There have only been 4 (8%) studies in the last decade. Overall, the USA contributed 41% (n=20) of publications, followed by Australia and Canada (n=8 \[16%\] each).

**Conclusion:** Despite the universally recognised importance of nutritional status for CF, studies assessing nutrient intake remain sparse. Among the 49 publications since 1969, most were published over 20 years ago, during which time our food supply has changed. They are limited by small sample sizes, lack of controls, and narrow dietary evaluation. A comprehensive evaluation of dietary intake in children with CF is overdue. Food quality is a key determinant of nutrition‐related chronic disease and perhaps needs to be addressed by CF care guidelines internationally.
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**GASTOSTROMY, JEJUNOSTOMY, AND GASTROJEJUNOSTOMY‐ TUBE PLACEMENT IN ADULT CYSTIC FIBROSIS PATIENTS: A SINGLE CENTER 15‐YEAR EXPERIENCE**

[Mohabir, P.K.]{.ul} ^1^; Stroebe, M.^2^; Liang, J.^3^ *1. Pulmonary and Critical Care, Stanford University School of Medicine, Stanford, CA, USA* *; 2. Clinical Nutrition, Stanford University Hospital and Clinics, Stanford, CA, USA* *; 3. Stanford Hospital and Clinics, Stanford University School of Medicine, Stanford, CA, USA*

**Introduction:** Malnutrition continues to have significant morbidity in cystic fibrosis (CF) patients. To date, no randomized trials have been conducted to evaluate the impact of tube placement on patient outcomes secondary to the unethical nature of withholding a necessary treatment. Most data are derived from the pediatric population demonstrating a positive impact on Body Mass Index (BMI) and potentially pulmonary function tests. Only a few studies have examined the demographics of the aging adult population and the need for long‐term enteral tube placement. The indications for invasive placement of a Gastrostomy‐tube (G‐tube), Jejunostomy‐tube (J‐tube), and Gastro‐Jejunostomy‐tube (GJ‐tube) are not standardized and are variable in their outcomes.

**Purpose:** To assess the incidence of G‐tube, J‐tube, or GJ‐tube placement in adult CF patients;

to assess patient demographics, outcome, and mortality data on this specific cohort

**Materials and Methods:** Retrospective, observational, single adult CF center experience.

Inclusion Criteria:

\(1\) CF patients who were entered in our Stanford University database between 2001‐2016

\(2\) Age ≥ 18

\(3\) Presence of G‐tube, J‐tube, or GJ‐tube

Demographics, pulmonary function tests before and after tube placement, BMI, mortality, and other CF comorbidities were analyzed.

**Results:** 15.5% of our CF population received an invasive feeding tube at some point in their care. 58.3% female. Mean age at placement 22.3 years. 5/48 (16.7%) had placement and was eventually removed. 15/48 (31.25) had it placed at another institution. 32/48 (66.6%) with G‐tube, 13/48 (27%) with GJ‐tube, and 2/48(4.2%) with J‐tube. Mean age at placement was BMI at placement: Mean 17.66, Maximum 20.58, Minimum 14.56. BMI 4‐6 months after placement: Mean 18.94, Maximum 21.96, Minimum 15.31. Mean FEV1 prior to tube placement, 1.49L and 41.3 percent predicted. Mean FEV1 4‐6 months after placement, 1.79L and 48.3 percent predicted. Appetite stimulants prior to tube placement: 15/48 (31.3%) (No 16.6%, Unknown 52%). Diabetes at time of tube placement: 20/48 (41.7%) (No 16.7%, Unknown 41.7%). 96% with pancreatic insufficiency. Mortality: 15/48 (31.25%). 7/48 (14.6%) expired after bilateral lung transplantation. Years of life after tube placement in patients who were eventually transplanted ranged from 4 months to 23 years.

**Conclusions:** A significant proportion of patients required a permanent enteral feeding tube in our cohort. The majority had only a mild increase in their BMI 4‐6 months after placement. Most patients had a severe obstructive defect prior to placement with only minimal improvement at 4‐6 months after insertion. Limitations include a small sample size and minimal longitudinal data.
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**EXPLORING PROBIOTIC USE IN A REGIONAL CYSTIC FIBROSIS CONSORTIUM**

[Gonzalez, K.D.]{.ul} ^1^; Zuckerman, J.B.^1^; Sears, E.^1^; Prato, B.S.^1^; Craig, W.^1^; Guill, M.F.^3^; Parker, E.^4^; Lever, T.^4^; Milliard, C.^1^; Griffin, M.^3^; Cairns, A.^1^; Leclair, L.W.^2^ *1. Maine Medical Center, Portland, ME, USA* *; 2. University of Vermont Medical Center, Burlington, VT, USA* *; 3. Dartmouth Hitchcock Medical Center, Lebanon, NH, USA* *; 4. Eastern Maine Medical Center, Bangor, ME, USA*

**Background:** Some studies have reported decreased cystic fibrosis (CF) pulmonary exacerbation and hospitalization rates, decreased gastrointestinal (GI) symptoms and inflammatory markers, and improved quality of life with probiotic use. However, little is published about clinical use of probiotics in CF, and prescriptions are not tracked in the National Registry. We have noted anecdotally that some patients take probiotics without supervision, and not much is known about patient beliefs around the efficacy and side effects of these agents.

**Objective:** We aimed to explore the rationale for probiotic use/nonuse and to look for associations between probiotic use and patient characteristics, care patterns and health status within the Northern New England CF Consortium (NNECFC).

**Methods:** We surveyed a population of 575 CF patients at 4 centers within the NNECFC. Surveys were completed during regularly scheduled outpatient visits, inpatient stays, or via email using a web‐based questionnaire (REDCap). We assessed probiotic use, rationale for not using probiotics, and self‐reported GI symptoms. We queried the CF registry for the demographic, socioeconomic, GI, and pulmonary status of each participant along with responder‐specific medical therapies, microbiology and exacerbation frequency. Differences between subgroups were analyzed by t‐test, Mann‐Whitney U, or chi‐square test, as appropriate. The study was approved by each institution\'s IRB.

**Results:** 213 subjects (37%) completed the survey. The frequency of reported probiotic use varied significantly between centers (24‐83%, p\<0.001). Among those taking probiotics, 66% reported daily use; 85% of the remainder reported use only while on antibiotics. Among patients not using probiotics, 66% noted a lack of knowledge of these products or reported that the CF team had not recommended them. There was no difference in socioeconomic status, pulmonary function, microbiologic colonization, antibiotic use, or exacerbation rate between probiotic use groups. Patients who had diarrhea while on antibiotics, those who had sought urgent care for GI issues, and those taking supplemental tube feeds were significantly more likely to report probiotic use (p \<0.001, p=0.036, and p=0.045, respectively).

**Conclusions:** In this CF population, lack of knowledge about probiotics and not receiving recommendations for use from the CF care team were the major reasons for not taking them. Those taking probiotics were significantly more likely to report GI symptoms and associated medical care. Due to the cross‐sectional design of our study, this does not imply causality. Unlike prior smaller studies (1,2), we did not detect a difference in pulmonary function, rate of exacerbation or nutritional status between probiotic use subgroups. Likewise, there was no relationship between probiotic use and socioeconomic status. Further studies are needed to confirm and evaluate these relationships and to compare practices between centers.

**References:**

1\. Bruzzese E et al. Clin Nutr 2007;26:322‐8.

2\. Del Campo R et al. J Cyst Fibros 2014;13:716‐22.
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**EFFICACY OF PERCUTANEOUS ENDOSCOPIC GASTROSTOMY TUBE FEEDINGS IN PATIENTS WITH CYSTIC FIBROSIS**

[Khalaf, R.]{.ul}; Green, D.M.; Amankwah, E.; Carr, V.; Goldenberg, N.; Martinez, D.; Wilsey, M. *Johns Hopkins All Children\'s Hospital, St Petersburg, FL, USA*

**Background:** Cystic fibrosis (CF) is the most common autosomal recessive disease in Caucasians. In a recent consensus statement, the Cystic Fibrosis Foundation emphasized that adequate nutrition is a vital element in preserving lung function and survival in patients with CF. Malnutrition is a common problem in patients with CF as a result of their inability to meet nutritional demands. Improving the nutritional status of patients with CF has been shown to have a positive effect on pulmonary function, respiratory status, body composition and survival. Few studies have investigated the outcomes and efficacy of nutritional supplementation via percutaneous endoscopic gastrostomy (PEG) tube feedings.

**Methods:** After obtaining IRB approval, we performed a retrospective chart review of the electronic medical record of Johns Hopkins All Children\'s Hospital CF center. This study was an extension of an ongoing quality improvement project which had been started to improve and maintain BMIs of patients with CF to \>50th percentile following the 2005 CF Foundation guideline recommendations. This revealed 28 malnourished patients with CF aged 18 years and younger who received dietary supplementation via a PEG tube for nutritional failure between 2010 and 2014. Data were then analyzed to see if there were any improvements in percent of predicted FEV1 comparing the year prior to the year after.

**Results:** We had 28 patients with cystic fibrosis who received supplementation with PEG tubes for nutritional failure. Of these 57% were males and 96% Caucasian. There was no observed significant change in percent predicted FEV1 when compared prior to PEG tube placement and at one‐year follow‐up (p=0.10). However, data obtained immediately prior to PEG tube placement and one year post‐operatively showed a significant rise in BMI percentiles (p=0.009).

**Conclusion:** Our data suggests that PEG placement for nutritional rehabilitation significantly improved BMI at one‐year follow‐up (p = 0.009). Percent predicted FEV1 (p = 0.10) showed no change. Percent predicted FEV1 may have been affected by confounding factors, including advanced lung disease. Longer follow‐up may be needed to observe significant changes in lung function.
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**IMPAIRED INTESTINAL FXR SIGNALING IN CYSTIC FIBROSIS MICE**

Ikpa, P.T.^1^; Doktorova, M.^2^; Meijsen, K.F.^1^; Verkade, H.J.^2^; Jonker, J.W.^2^; de Jonge, H.^1^; [Bijvelds, M.J.]{.ul} ^1^ *1. Gastroenterology and Hepatology, Erasmus MC University Medical Center, Rotterdam, Netherlands* *; 2. University Medical Center Groningen, Groningen, Netherlands*

**Background and Aim**: Fecal loss of bile acids (BA) is compensated for by *de novo* synthesis, which is regulated through a finely tuned homeostatic control mechanism to maintain a near constant body BA pool. One of its key elements is the direct activation of the nuclear receptor FXR in ileal epithelial cells by reclaimed BA: active BA uptake through ASBT (apical sodium‐dependent BA transporter) triggers the production and release of the hormone FGF19 (FGF15 in mice), which represses hepatic expression of CYP7A1, the rate‐limiting enzyme in cholic acid (CA) synthesis. Because cystic fibrosis (CF) is associated with enhanced fecal BA excretion and a concomitant increase in *de novo* synthesis, we hypothesized that FXR signaling is attenuated in the CF intestine.

**Methods:** Intestinal and hepatic expression of FXR‐regulated genes was assessed in *Cftr* null mice and control littermates, both in the absence and presence of CA.

**Results:** In CF ileum, we found strongly reduced expression of Fgf15, despite a normal ileal BA content and normal ASBT protein and transcript levels. Ex vivo, CA‐dependent induction of Fgf15 was similar in CF and control ileum, but, in vivo*,* dietary CA supplementation failed to restore Fgf15 induction in CF mice. Attenuation of intestinal FXR/FGF15 signaling was associated with a blunted hepatic trophic response and impaired repression of hepatic Cyp7a1 expression. Antibiotic treatment, which previously was shown to reduce fecal BA excretion in CF mice (Wouthuyzen‐Bakker, et al. Pediatr Res. 2012;71:4‐12) fully restored Fgf15 expression in CF ileum.

**Conclusions:** In CF mice, quantitative and/or qualitative changes in the gut microbiome lead to loss of FXR‐dependent feedback control of hepatic BA synthesis.

**Acknowledgement**: Supported by the Dutch CF Foundation (NCFS) as part of the HIT‐CF program.
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**REGULATION OF CF ADIPOCYTE DIFFERENTIATION SIGNALING BY MICROTUBULE STABILITY**

[Kelley, T.]{.ul}; Corey, D.A.; Eastman, J.; Yeh, L.; Drumm, M.L. *Pediatrics, Case Western Reserve University, Cleveland, OH, USA*

It has been well established that CF mice exhibit reduced weight and reduced fat accumulation compared to wild‐type (WT) controls (1). We have previously demonstrated that CF epithelial cells and tissues exhibit reduced microtubule acetylation that can be corrected by inhibition of the cytosolic histone deactylase family member HDAC6. We generated F508del mice lacking the expression of HDAC6 (F508del/Hdac6) to determine what CF phenotypes could be attributed to microtubule alterations in vivo. One phenotype that is corrected in F508del Cftr mice by the ablation of HDAC6 is the restoration of fat accumulation and the associated increase in weight gain. The hypothesis of this study is that CFTR dysfunction in adipocytes impairs adipocyte differentiation through modulation of microtubule stability.

To test this hypothesis, we utilized CF 3T3‐L1 pre‐adipocytes developed by the Drumm laboratory where the *CFTR* gene was disrupted through the CRISPR/Cas9 system along with WT controls. Consistent with epithelial cells, CF 3T3‐L1 cells exhibited 0.13 +/‐ 0.02 fold reduction in acetylated tubulin levels compared to controls. It was also determined that the pre‐adipocyte marker Krüppel‐like factor 2 (KLF2) was expressed 2.6 +/‐ 0.4 fold greater in CF 3T3‐L1 cells compared to WT cells. This increase in KLF2 expression is likely significant since it has been demonstrated that elevated KLF2 expression prevents pre‐adipocytes from differentiating into adipocytes (2). Quantitative RT‐PCR also shows KLF2 mRNA levels were increased in CF 3T3‐L1 cells 2.4 +/‐ 0.4 fold over WT levels. Since F508del/Hdac6 mice are able to store fat, we examined whether HDAC6 inhibition could impact KLF2 expression. HDAC6 inhibition with tubastatin inhibited KLF2 expression in CF 3T3‐L1 cells in a dose‐dependent manner. Conversely, destabilizing microtubules with nocodazole in WT 3T3‐L1 cells results in a dose‐dependent increase in KLF2 expression. These data suggest that microtubule stabilization via HDAC6 inhibition improves pre‐adipocyte differentiation and allows for fat deposition in vivo. To verify these findings in primary tissue, epididymal fat from WT, F508del, and F508del/Hdac6 mice was examined for KLF2 expression. Consistent with the CF3T3‐L1 cell model, KLF2 expression was significantly increased in F508del mice fat compared to WT mice and restored to WT levels in F508del/Hdac6 mice.

These data show that HDAC6 inhibition restores KLF2 levels to WT levels in both primary CF fat tissue and in a CF pre‐adipocyte cell model. It remains to be determined if elevated KLF2 expression in CF is responsible for reduced fat accumulation in CF mice or simply a marker of differentiation signaling that is sensitive to HDAC6 inhibition.

**References:**

1\. Rymut SM, Harker A, Corey DA, Burgess JD, Sun H, Clancy JP, Kelley TJ. Reduced microtubule acetylation in cystic fibrosis epithelial cells. Am J Physiol Lung Cell Mol Physiol. 2013;305:L419.

2\. Wu J, Srinivasan SV, Neumann JC, Lingrel JB. Wu J, Srinivasan SV, Neumann JC, Lingrel JB. The KLF2 transcription factor does not affect the formation of preadipocytes but inhibits their differentiation into adipocytes. Biochemistry. 2005;44:11098‐11105.
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**RE‐THINKING CF LIVER DISEASE SCREENING TO IDENTIFY EARLY DISEASE**

[Sellers, Z.]{.ul} ^1^; Barth, R.^2^; Milla, C.^3^ *1. Pediatric Gastroenterology, Hepatology, and Nutrition, Stanford University, Palo Alto, CA, USA* *; 2. Pediatric Radiology, Stanford University, Palo Alto, CA, USA* *; 3. Pediatric Pulmonology, Stanford University, Palo Alto, CA, USA*

**Introduction:** Liver disease is the second leading cause of mortality in CF and contributes to significant morbidity in many patients due to associated liver fibrosis and cirrhosis. Current CF Foundation guidelines for CF liver disease (CFLD) screening include annual serum labs (LFTs, GGT, CBC, coags), with further workup indicated if AST/ALT are \>1.5x normal, or there is evidence of nutrition‐independent coagulopathy or thrombocytopenia. Transaminases, while good indicators of non‐CF liver disease, do not correlate well with CFLD, thus current screening primarily identifies end‐stage liver cirrhosis when synthetic function is compromised and portal hypertension has developed. We suspect current guidelines are ineffective at detecting CFLD at early stages of fibrosis. Identifying early liver fibrosis will be of great importance to develop interventions aimed at halting CFLD progression to end‐stage liver disease.

**Aim:** To assemble a multi‐modal and practical screening protocol that can be implemented at CF centers to identify early CFLD.

**Methods:** A literature review was performed to identify biomarkers, serum labs, and imaging modalities that have shown accuracy in identifying liver fibrosis in CF. This resulted in a change to our pediatric CF center CFLD screening protocol. Any elevation in AST/ALT or GGT\>35 U/L on two separate occasions resulted in referral to Pediatric Gastroenterology and Hepatology, where detailed evaluation of liver function was performed. APRI and FIB‐4, serum indices of liver fibrosis and portal hypertension, respectively, were calculated and interpreted based on CF‐specific cutoffs. Ultrasound (US) with Doppler and acoustic radiation force impulse (ARFI) were added for patients ≥6 years‐old and pancreatic insufficient, and any patient with persistent lab abnormalities. In those with fibrosis on US, magnetic resonance elastography imaging (MRI) was performed to determine fibrosis staging.

**Results:** Our modified screening protocol was well‐accepted by families and CF center staff, prompted increased discussion about CFLD, and increased consultations with GI. Increased scrutiny of labs helped to identify individuals with pre‐cirrhotic CFLD, many of which would have been missed with current CF Foundation guidelines. US with ARFI provided valuable information on the contour of the liver, potential presence of regenerative nodules, and fibrosis. Of those that went on to MRI, 100% of new diagnosis CFLD had elastography consistent with F0‐F2 fibrosis.

**Conclusions:** CFLD is a major cause of morbidity and mortality in CF, in part because of our inability to detect liver dysfunction prior to end‐stage liver disease. Our preliminary experience demonstrates that the utilization of validated hepatology tools can help advance our ability to detect early stages of liver fibrosis. This becomes important in optimizing nutrition, correctly dosing and testing the efficacy of correctors/potentiators, and preventing the potentially lethal impact of end‐stage liver disease.

Supported by Clinical Fellowship and LeRoy Mathew Physician‐Scientist Awards to Z.M.S.
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**PANCREATIC ENZYME REPLACEMENT THERAPY DOSE AND NUTRITIONAL OUTCOMES IN CHILDREN 2‐6 YEARS OLD WITH CYSTIC FIBROSIS**

[Haupt, M.]{.ul} ^1^; Schechter, M.S.^2^; Michel, S.^3^; Johns, B.^1^; Vora, J.^1^ *1. Abbvie, Inc, North Chicago, IL, USA* *; 2. Children\'s Hospital of Richmond at Virginia Commonwealth University, Richmond, VA, USA* *; 3. Medical University of South Carolina, Charleston, SC, USA*

**Background:** Nutrition status is associated with pulmonary function and survival. Body mass index percentile (BMI%) peaks at 4‐6 years of age and predicts outcomes in adulthood. Pancreatic enzyme replacement therapy (PERT) dose role in meeting nutritional goals in children is not well understood.

**Objective:** Study relationship between PERT dose and nutrition status in children 2‐6 years old at US care programs.

**Methods:** Retrospective analysis of CFF Patient Registry from 2010‐2014. Patients 2‐6 years old on PERT identified and grouped by care program. Programs with less than 10 subjects were excluded. Descriptive analysis was performed. Programs were ranked by 2014 BMI% to establish nutritional status quartiles. Median PERT dose, lipase units per kilogram per largest meal, at top and bottom quartile programs was compared. Analysis was repeated ranking programs by height and weight‐for‐age percentile.

**Results:** 3,298 patients and 60 programs were included. Median 2014 BMI% at top and bottom quartile centers was 64.25 and 50.60, respectively (p = \< 0.0001). (Table.) No significant difference in PERT dose exists. Similar results noted when programs are ranked by height and weight‐for‐age percentile.

**Conclusion:** Meaningful differences in nutrition status exist across programs. Since 2010, median BMI% decreased at lowest and increased at top quartile centers. No significant difference in median PERT dose exists at top and bottom quartile programs. Multivariable modeling accounting for bias may lead to different conclusions. Further analysis is planned to understand the relationship between PERT and nutrition status.

Funded by Abbvie, Inc.
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**DECLINE IN SUMMER NUTRITIONAL STATUS IN CHILDREN WITH CF**

[McPhail, G.L.]{.ul} ^1^; Santoro, K.^1^; Taylor, J.^1^; Weiland, J.^1^; Mullen, L.^1^; Siracusa, C.^1^; Filigno, S.S.^2^ *1. Pulmonary ML 2021, University of Cincinnati, Cincinnati Children\'s Hospital Medical Center, Cincinnati, OH, USA* *; 2. Behavioral Medicine & Clinical Psychology, Cincinnati Children\'s Hospital, Cincinnati, OH, USA*

**Introduction:** In our pediatric CF center, we observed a trend of declining nutritional status during the summer months in the years 2011‐2013.

**Objective:** Eliminate the summer decline in nutritional status in our children with CF.

**Interventions:** In spring 2014, we shared anticipatory guidance about the problem and showed patient‐specific BMI graphs to help facilitate discussions with families regarding barriers to adequate summer weight gain. In spring 2015, we added interventions that included online tracking (Orchestra App), frequent phone calls, and we increased the frequency of clinic visits for patients not meeting CF nutritional goals.

**Measurements:** Primary outcome measure was percentage of patients in our CF center ages 2‐19 years with a BMI percentile ≥ 50^th^ during the years 2011‐2015 comparing April/May data to August/September data (to capture the center level change during summer months).

**Results:** The percentage of patients ages 2‐19 years with a BMI percentile ≥ 50^th^ declined on average from 59.1% to 53.4% (14% relative decline) between April/May through August/September (average n= 189 patients) during the years 2011‐2013. During 2011‐2013, an average of 27 patients each summer had a BMI decline from above the 50th to below the 50th percentile (the CFF goal nutritional status). Between April/May 2014 through August/September 2014 the trend did not change, and the percentage of patients with a BMI percentile ≥ 50th declined from 56.9% to 51.7% (12% relative decline). From April/May to August/September 2015 with the bundled interventions, the percentage of patients ages 2‐19 years with a BMI percentile ≥ 50th improved, changing from 57.7% to 58.2%.

**Discussion:** In our CF center, BMI status declined during the summer months of the years 2011‐2013. This trend did not improve with anticipatory guidance in 2014. A quality improvement bundle of tracking, frequent phone contacts, and frequent clinic visits resulted in significant improvements in summer BMI outcomes in 2015.

**629**

**CURRENT PRACTICE: INITIATION OF ENTERAL FEEDING AFTER GASTROSTOMY PLACEMENT**

McDonald, C.M. *Dietitians, Primary Childrens Hospital, Salt Lake City, UT, USA*

Enteral feeding is often employed to supplement oral intake and improve the nutritional status of a child or adult with CF. However, scarce data exist to inform the management of feeding after gastrostomy placement. Current practice for the initiation of enteral feeding in CF patients aged 1 year and older was described by two online surveys, both conducted October 2015. The anonymous respondents provided convenience samples of CF health care professionals who participate in the cf‐nutrition\@listserv. <http://Dartmouth.edu>. The first survey received 94 responses with 34 for the subsequent survey, representing pediatric (40%), adult (30%) and combined (30%) CF centers. Most respondents (74%) followed both inpatients and outpatients and most (79%) worked at CF centers within the USA. Of all respondents, 39% worked in large CF centers (\>200 patients), 35% in medium centers (100‐200 patients) and 26% in CF centers with fewer than 100 patients. The reported percentage of enterally fed patients at individual CF centers varied widely, range 1‐60%, mean 14%, median 10%.

Respondents indicated that standard, polymeric, age‐appropriate formulas are most commonly used to initiate enteral feedings (58%). Semi‐elemental, age‐appropriate products are introduced less often (25%). Home‐prepared or blenderized formulas are rarely used as the initial feeding after gastrostomy placement. The majority of respondents (64%) report initiating enteral feeding with a concentrated formula (1.5 or 2.0 calories/mL).

Enteral feeding for a CF patient generally provides between 1/3 to 2/3 of total estimated calorie and nutrient needs. Overnight continuous drip feeding with daytime high calorie, high nutrient density oral diet is reported for 83% of CF patients who receive enteral feeding. Regardless of the formula type, most respondents (93%) recommend the use of pancreatic enzyme replacement therapy (PERT) with either bolus or continuous drip feeding; 3% do not use PERT with semi‐elemental formula and 35% do not use PERT with any continuously fed formula. PERT dosing is calculated either as a meal dose (38%) or per gram of fat in the formula (59%). For those who administer PERT with enteral feeding, 86% of respondents recommend dosing PERT prior to beginning the enteral infusion and 66% report dosing PERT at the conclusion of the feeding. Approximately half (48%) of respondents who recommend PERT with continuous enteral feeding suggest PERT administration during feeding or mixed into the formula. Most (60%) recommend PERT dosing if the patient wakes during the night. Crushing nonenteric‐coated enzymes (30%) or dissolving/crushing enteric coated pancreatic enzymes (30%) for addition to the formula was reported. Many respondents reported a combination of PERT dosing methods, but this percentage could not be calculated.

In general, individual patient medical/surgical history and anticipated tolerance are the primary considerations (84%) in selecting an enteral feeding product and delivery regimen. Formula cost and insurance reimbursement (12%) and institution‐specific protocols including standards of practice (5%) are cited less frequently. All respondents (100%) recommend at least quarterly follow‐up with the CF center including an evaluation by the registered dietitian/nutritionist for any CF patient receiving enteral feeding.
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**UNDERSTANDING THE ROLE OF MUAC IN ASSESSING NUTRITION STATUS IN CHILDREN WITH CF**

[Pappas, L.]{.ul}; Abdel‐Rahman, S.; Beattie, S. *Nutrition, Children\'s Mercy Hospital, Kansas City, MO, USA*

**Background:** In 2014, the Academy of Nutrition and Dietetics (AND) in collaboration with the American Society for Parenteral and Enteral Nutrition (ASPEN) released a consensus statement recommending mid upper arm circumference (MUAC) measurement when assessing pediatric nutrition status. Adequate growth and nutrition has been well documented in the literature to show positive outcomes for persons with cystic fibrosis (CF) (Stallings VA, et al. J Am Diet Assoc. 2008;108:832‐9). Children with CF are vulnerable to undernutrition for a variety of reasons including: increased daily nutritional needs, malabsorption/maldigestion and recurrent/chronic respiratory infections. CF guidelines state patients with BMI ≥ 50%ile have better outcomes related to their nutrition status. We conducted this study to examine the relationship between BMI and MUAC in our CF patients.

**Methods:** Age, gender, height, weight, BMI, MUAC and assigned malnutrition classifications were collected at CF standard of care clinic visits and/or during hospitalizations under an IRB‐approved protocol. BMI z‐scores (BMIZ) were calculated against published growth curves. MUAC z‐scores (MUACZ) were determined using MUAC growth curves that we developed at our institution for patients aged 2 months to 18 years using national data. Using the AND/ASPEN criteria for undernutrition, we looked at correlation and concordance between BMIZ and MUACZ stratified by malnutrition classification. Standard descriptive statistics were used to analyze data.

**Results:** To date, 82 CF patients (56% male, average age 11 years) were enrolled. Malnutrition classification included 34 subjects with no malnutrition, 25 subjects with mild malnutrition, 16 subjects with moderate malnutrition and 7 subjects with severe malnutrition (based on the most severe malnutrition metric). BMIZ and MUACZ were highly correlated (r=0.84) and effectively discriminated between malnutrition categories (p\<0.05) though MUACZ trended lower in all patients where discordance was observed (see Table).

**Conclusions:** In our population, MUACZ classified more CF patients as malnourished than did BMIZ based on recommended cut points. With global health studies suggesting that MUACZ is a better indicator of malnutrition‐related morbidity and mortality in children than other anthropometric measures, validating the current cut points in CF patients will be important. MUAC z‐score offers another tool for assessing nutritional status.

![](PPUL-51-S194-g105.jpg "ppul23576-gra-0105")
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**SAFETY, TOLERABILITY, AND FAT ABSORPTION USING A NOVEL IN‐LINE DIGESTIVE ENZYME CARTRIDGE (RELIZORB™) IN PATIENTS WITH CYSTIC FIBROSIS RECEIVING ENTERAL NUTRITION**

[Orenstein, D.]{.ul} ^1^; Black, P.G.^4^; Brown, P.^2^; McCoy, K.S.^5^; Stevens, J.^3^; Clayton, R.^6^ *1. Children\'s Hospital of Pittsburgh, Pittsburgh, PA, USA* *; 2. St Luke\'s Health System, Boise, ID, USA* *; 3. Riley Hospital for Children, Indianapolis, IN, USA* *; 4. Children\'s Mercy Hospital, Kansas City, MO, USA* *; 5. Nationwide Children\'s Hospital, Columbus, OH, USA* *; 6. Alcresta Therapeutics, Inc., Newton, MA, USA*

**Introduction:** Enteral nutrition is used in 10‐15% of patients with cystic fibrosis (CF) who have poor nutritional status. Without effective means to hydrolyze fat in enteral formula during delivery, fat is poorly absorbed by patients with CF and exocrine pancreatic insufficiency (EPI), resulting in decreased caloric uptake and gastrointestinal (GI) symptoms. A novel in‐line digestive enzyme cartridge (RELiZORB^TM^; Alcresta Therapeutics, Inc., MA) hydrolyzes fat in enteral formula, allowing for delivery of absorbable fatty acids and monoglycerides.

**Objective:** Evaluate safety, tolerability, and fat absorption with use of a novel in‐line digestive enzyme cartridge (RELiZORB) in patients with CF receiving enteral nutrition.

**Methods:** Subjects with CF and EPI receiving enteral nutrition were recruited to participate in a 3‐period study. Subjects received their usual dose of pancreatic enzyme products (PEP) during both oral meals and with enteral nutrition. After a 7‐day run‐in period, subjects were randomized on Day 1 of a 9‐day double‐blind crossover period to use either an active (RELiZORB) or a placebo cartridge while receiving 500 mL of enteral formula (Impact^TM^ Peptide, Nestle Healthcare, NJ) without PEP over 4 hours. Serial plasma samples were obtained at baseline and 1, 3, 7, 9, 12, and 24 hours after start of enteral feeding. This was repeated on Day 8 after a 7‐day washout with subjects crossing over to either placebo or active cartridge. A 7‐day open‐label period followed, when subjects used an active cartridge with Impact Peptide at volumes of up to 1000 mL. Adverse events were recorded during all periods, along with GI symptoms during the run‐in and open‐label periods. Concentrations of docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) in plasma samples were measured using ultra high performance liquid chromatography.

**Results:** From December 2015 through May 2016, 33 subjects (20 males) at 11 CF centers completed the study. The mean age was 14.7 years (range 5 to 34 years); 26 subjects were below 18 years of age. Mean body mass index (BMI) for subjects age 18 years and older was 19.8±1.4. Mean BMI percentile for subjects less than 18 years of age will be presented. Use of the digestive enzyme cartridge (RELiZORB) was safe and well tolerated. Comparison of plasma concentrations of DHA and EPA with use of active versus placebo cartridges, as well as comparison of GI symptoms with and without the use of active cartridges, will be presented.

Supported by the Cystic Fibrosis Foundation Therapeutics, Inc.
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**LOW INCIDENCE OF FIBROSING COLONOPATHY IN PATIENTS WITH CYSTIC FIBROSIS RECEIVING PANCREATIC ENZYME REPLACEMENT THERAPY: 2‐YEAR INTERIM ANALYSIS IN 25,343 PATIENTS**

Gommoll, C.^2^; Hall, J.^1^; [Conradt, C.]{.ul} ^1^ *1. AbbVie Inc., North Chicago, IL, USA* *; 2. Allergan, Jersey City, NJ, USA*

**Introduction:** A large proportion of patients with cystic fibrosis (CF) receive pancreatic enzyme replacement therapy (PERT) to treat exocrine pancreatic insufficiency. Fibrosing colonopathy (FC) is a complication that has been reported in patients with CF taking high doses of PERT (exceeding 10,000 lipase units/kg/day).

**Purpose:** To evaluate the incidence of FC in a large well‐defined population of patients with CF.

**Methods:** This is the first of 4 planned 2‐year interim analyses of a 10‐year prospective, observational, multicenter, US population‐based cohort study (NCT01652157 at <http://ClinicalTrials.gov>) conducted in patients with CF enrolled in the Cystic Fibrosis Foundation Patient Registry (Port CF) and treated at sites with institutional review board approval. Data in the standard Port CF data collection form were used to determine exposure to a specific PERT. Patients with suspected FC were asked to give informed consent to collect additional data for an independent adjudication committee to confirm the diagnosis.

**Results:** At the end of the 2‐year enrollment period (July 2012--July 2014), 25,343 patients with CF comprised the base study population (total time in study, 25,732 person‐years \[PY\]). Mean ± SD age at study entry was 19.5±14.4 years (median, 17.1 years; range, \<0.1--86.2 years); 51% of patients were male and 93% were white. A total of 21,452 patients (85% of base population) received PERT sometime between study entry and the first 2 years of the trial (20,531 PY). The mean daily dose of any PERT was 374,586±377,749 lipase units (median, 349,491 lipase units; 90th percentile, 671,125 lipase units). Eight patients exposed to PERT had suspected FC; 1 case of FC was confirmed by the adjudication committee, 6 were not confirmed, and 1 was indeterminate. The incidence rate of confirmed FC was 0.49/10,000 PY (95% CI, 0.01--2.71) in patients with CF currently receiving PERT; the incidence rate of confirmed or indeterminate FC was 0.97/10,000 PY (95% CI, 0.12--3.52) in the same population. There were no suspected or confirmed cases of FC among the 3891 patients who were not exposed to PERT during the first 2 years of the study.

**Conclusions:** A rigorous, prospective study of a large well‐defined population, including most patients with CF in the United States, demonstrated low incidence of confirmed FC in patients with CF receiving PERT at the doses observed in this 2‐year interim analysis. Subsequent interim analyses every 2 years will continue to further define the incidence of FC and assess potential risk factors for its occurrence.

**Acknowledgments:** Allergan, Janssen, and AbbVie funded the research. Allergan and AbbVie contributed to its design, and were involved in the collection, analysis, and interpretation of the data, and in the writing, review, and approval of the publication. All authors contributed to and maintained control over the final content. We recognize Daniel Fife and Gerhard Leitz, of Janssen, for valuable input to study design and interpretation. Michael J. Theisen, PhD, and Natalia Zhukovskaya, PhD, of Complete Publication Solutions, LLC, provided medical writing support, funded by AbbVie.
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**THE RELATIONSHIP OF FECAL MICROBIOMES AND NUTRITIONAL STATUS IN CF INFANTS**

[Hoffman, L.]{.ul} ^2^; Leung, D.H.^1^; Pope, C.^2^; Hayden, H.^2^; Brittnacher, M.^2^; Hager, K.^2^; Weiss, E.^2^; Raftery, D.^2^; Heltshe, S.L.^2^; Borenstein, E.^2^; Miller, S.^2^ *1. Baylor University, Houston, TX, USA* *; 2. University of Washington, Seattle, WA, USA*

**Background:** The manifestations of CF gastrointestinal tract disease frequently begin during infancy, when pancreatic exocrine insufficiency (PI) results in profound nutrient malabsorption and malnutrition leading to growth failure and even intestinal obstruction. Despite aggressive, early nutritional intervention and pancreatic enzyme replacement and other therapies, early growth failure remains common among infants with CF, suggesting that PI is not the sole contributor to growth and nutritional failure. The identification of these growth and nutritional determinants in children with CF therefore remains a key research goal in CF care. A growing body of evidence supports a role for the gut microbiota in nutrient harvest and metabolism, and these microbiota are often altered in a variety of disease states. Therefore, infant GI tract microbes may be important determinants of CF nutritional outcomes. We recently showed that infants and children with CF had GI microbiota that differ markedly from those of children without CF, and that this dysbiosis correlated with fecal measures of fat malabsorption and inflammation, further supporting a role in early CF growth and GI function.

**Methods:** We hypothesize that the intestinal microbiomes among children with CF correlate with severity of malabsorption, intestinal inflammation, gastrointestinal signs and symptoms, vitamin and mineral deficiency, and growth. To test these hypotheses, we are defining the fecal microbiomes of 250 infants with CF who participated in a multicenter study of infant nutrition (Baby Observational NUtrition Study (BONUS)) using high‐throughput metagenomic sequencing. With these resources, we are (1) defining the fecal microbiomes, composed of the microbiota (the species of microbes present) and metagenomes (the microbial genes present, which reflects the metabolic capacity of the microbiota), of four stool samples per subject over the first year of life, and (2) determining the relationship of fecal microbiomes, and their evolution over the year of study, with nutritional, biochemical, and clinical parameters (including weight and height for age Z‐score, rate of growth among subjects, serum vitamin levels, fecal nutrient and metabolite content, GI symptoms, and measures of intestinal inflammation). The microbiome analysis uses the Illumina HiSeq DNA sequencing platform coupled with a combination of bioinformatic analytical methods, with statistical analysis to identify correlations with metabolomic and clinical measures.

**Results:** Data for this study will be generated before the 2016 NACFC and no later than October 25, 2016.

**Conclusion:** Our goal is to define the impact and, eventually, the role of the infant CF GI microbiome in growth and nutrition, with the hope of identifying interventions that will improve early growth, and thus long‐term outcomes, in CF.

Funded by the NIH (R01 DK095869).
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**A NOVEL STATISTICAL APPROACH TO IDENTIFY ADULT CF PATIENTS WITH RAPID BONE LOSS**

[Sykes, J.]{.ul} ^1^; Mannik, L.A.^1^; Nisenbaum, R.^2^; Norris, E.^3^; Robert, R.^1^; Brotherwood, M.^1^; Stephenson, A.^1^ *1. Adult CF Program, St. Michael\'s Hospital, Toronto, ON, Canada* *; 2. Centre for Research on Inner City Health, Li Ka Shing Knowledge Institute, St. Michael\'s Hospital, Toronto, ON, Canada* *; 3. Rheumatology, St. Michael\'s Hospital, Toronto, ON, Canada*

**Objective**: A paucity of research exists on the longitudinal trends in bone mineral density (BMD) for adult CF patients. Current standard of care guidelines for Canada recommend that dual‐energy x‐ray absorptiometry (DXA) scans be performed once every five years for the average adult CF patient, with more frequent scans recommended for those with indication of osteopenia or osteoporosis. Traditional methods for analyzing longitudinal data, such as mixed models, operate under the assumption that there is a single overall population trajectory, and the presence or absence of certain variables may add or subtract minor differences to either the population baseline or slope over time. In this study, we aim to use a novel statistical approach for clustering patients into distinct groups based on trends in bone density over time.

**Methods**: Femoral neck BMD (BMD‐FN, g/cm^2^) and demographic and clinical data were collected on patients who had at least one DXA scan between 1998 and 2014 at the Toronto Adult CF clinic at St. Michael\'s Hospital. Data were restricted to pre‐lung transplant DXA scans between the ages of 25 to 48 after peak bone mass was reached and prior to menopause. A latent class mixed model approach was used to classify patients into distinct classes based on common trends of bone density over the life course. The optimal number of classes and functional form was chosen by minimizing the Bayesian Information Criterion (BIC).

**Results**: There were 390 patients who met the criteria. The median age at DXA scan was 28.4 years (range 25‐47). Patients were classified into two distinct classes based on the decline in BMD‐FN over time. Class 1 consisted of 308 patients (84.2%) and indicated that the majority of patients showed a very slight decline in BMD‐FN over the life course, with a decrease of 0.004 g/cm^2^ per year. The second class, comprising 58 patients (15.9%), was made up of patients whose BMD‐FN declined at a much faster rate of 0.02 g/cm^2^ per year. This decrease is much more dramatic than that found using a standard mixed model approach suggesting the steepest decline was 0.008 g/cm^2^ per year. Six patients (10.3%) in Class 2 either had or went on to develop osteoporosis in the femoral neck compared to only 3.6% in Class 1. Further analysis will be performed to determine what clinical and demographic characteristics define group membership.

**Conclusions**: Conventional statistical techniques for longitudinal trends may mask the fact that not all patients follow the same trajectory. We identified two distinct groups of patients, one of which showed a slow decline in bone loss over time and for whom stringent screening is likely not beneficial. This technique has potential to identify different trends for any longitudinal outcome.

**635\***

**PILOT STUDY EVALUATING THE ROLE OF VITAMIN D REPLETION ON GUT MICROBIOTA IN ADULT CF**

[Kanhere, M.]{.ul} ^1^; Ziegler, T.R.^3^; Alvarez, J.A.^3^; Walker, S.D.^4^; Gewirtz, A.T.^2^; Chassaing, B.^2^; Tangpricha, V.^3,5^ *1. Pediatric Endocrinology, Emory University School of Medicine, Atlanta, GA, USA* *; 2. Georgia State University, Atlanta, GA, USA* *; 3. Endocrinology, Emory University School of Medicine, Atlanta, GA, USA* *; 4. Pulmonology, Emory University School of Medicine, Atlanta, GA, USA* *; 5. Atlanta VA Medical Center, Atlanta, GA, USA*

**Background:** Gut microbiota refers to the trillions of microorganisms in the human GI tract that play a central role in health, including in energy and macronutrient metabolism, nutrient capture and immune function. Emerging research suggests that gut microbiota may be disrupted in individuals with CF. CFTR‐knockout mice displayed significantly less bacterial richness and diversity (parameters that usually associate with a healthy gut microbiota) compared to WT animals. Vitamin D deficiency, a common comorbidity in CF patients, may influence composition of the gut microbiota. Vitamin D deficiency can increase the severity of intestinal inflammation in the mouse colon that can be reversed by vitamin D supplementation. Similarly, in humans, high dose vitamin D supplementation resulted in a marked reduction in typical opportunistic pathogens and an increase in gut microbiota richness. Whether vitamin D affects the gut microbiota in CF is not known.

**Objective:** To assess the effects of a high‐dose vitamin D3 bolus regimen on the composition of gut microbiota in adult patients with stable CF lung disease who are vitamin D insufficient (plasma 25(OH)D \< 30 ng/mL).

**Study design:** This is a double‐blind, randomized, placebo‐controlled, interventional pilot study in 45 adults with CF. Patients with CF who are ≥ 18 years of age and can tolerate oral medications without contraindication to high dose vitamin D meet inclusion criteria. Major exclusion criteria are hypercalcemic disorders, use of systemic antibiotics in the last 4 weeks or use of immunosuppressants. Recruited patients will be classified into two groups -- those with plasma 25(OH)D level \< 30 ng/mL and those with plasma levels ≥ 30 ng/mL. Subjects with vitamin D insufficiency will be block randomized to either receive placebo or 50,000IU of oral vitamin D3 weekly for 3 months. Baseline stool samples will be obtained in all subjects, DNA isolated and the gut microbiota analyzed using primers for V4 hypervariable region of the 16S rRNA. Repeat 25(OH)D levels along with stool samples will be collected 3 months after the initial intervention for the entire cohort.

**Endpoints:** The primary outcome measure is the microbiota composition and richness before and after supplementation with high dose vitamin D using the Unifrac metric and ecological diversity measures (Shannon index). Secondary outcome measures will be lung function as measured by FEV1 and the number of pulmonary exacerbations at baseline and 3 months after supplementation.

**Summary**: We will determine, for the first time in CF patients, whether high‐dose vitamin D administration favorably modulates the gut microbiota over a 3‐month treatment period. We will also relate changes in the gut microbiota to changes in lung function over this time. To date, 35 patients have been recruited. We expect to complete enrollment with microbiota data analyzed for 20 patients by October 25, 2016. Supported by the National Center for Advancing Translational Sciences of the NIH ‐ Award No. UL1TR000454.

**636\***

**CFTR INFLUENCES BETA‐CELL FUNCTION AND INSULIN SECRETION THROUGH NON‐CELL AUTONOMOUS EXOCRINE‐DERIVED FACTORS**

[Sun, X.]{.ul} ^3^; Yi, Y.^3^; Xie, W.^3^; Liang, B.^3^; Winter, M.C.^3^; He, N.^3^; Yu, Y.^3^; Uc, A.^2,1^; Norris, A.^2,1^; Engelhardt, J.^3,1^ *1. Fraternal Order of Eagles Diabetes Research Center, University of Iowa, Iowa City, IA, USA* *; 2. Department of Pediatrics, University of Iowa, Iowa City, IA, USA* *; 3. Anatomy and Cell Biology, University of Iowa, Iowa City, IA, USA*

Beta‐cell dysfunction in cystic fibrosis (CF) is widely accepted as the cause of cystic fibrosis‐related diabetes. It has been hypothesized that CFTR expression in beta‐cells plays an intrinsic role in insulin secretion. Support for this hypothesis is largely based on the finding that CFTR inhibitors impair insulin secretion and chloride transport in beta‐cells and/or isolated islets. We have also shown that isolated islets from newborn CF ferrets have impaired glucose‐stimulated insulin secretion (GSIS), a finding that could be taken to support an intrinsic role for CFTR in islet insulin secretion. We sought to further investigate the mechanism of altered insulin secretion by CF ferret islets and to define the cell types within the pancreas and islets that express CFTR. Using single molecule fluorescent in situ hybridization (smFISH), we localized CFTR RNA expression in ferret and human pancreas and/or isolated islets. We found no evidence for CFTR expression in endocrine cells. Rather, a high level of CFTR RNA was expressed within CK7+ pancreatic ductal cells in both isolated islets and intact pancreas. Islets from neonatal CF ferrets demonstrated significantly blunted first (P\<0.05) and second (P\<0.05) phase insulin secretion as compared to non‐CF controls. Similarly, knockdown of CFTR mRNA in wild‐type adult ferret and human islets, using recombinant adenovirus expressing a CFTR‐shRNA, demonstrated impaired GSIS as compared to a control shRNA. Importantly, while others and we have observed that CFTRinh172 reduces insulin secretion by islets, we find that this compound also significantly reduced insulin secretion and glucose‐stimulated Ca^2+^‐fluxes by CFTR‐KO ferret islets, questioning the specificity of this inhibitor‐based approach. To investigate the mechanism of altered insulin responses by CF islets, we evaluated transcripts involved in beta‐cell function and maturation. Quantitative‐RNA analysis demonstrated significantly lower insulin and glucagon transcripts in CFTR‐KO islets but unchanged levels of glucose‐sensing RNAs (GCK, GLUT2, and GJA9). Similarly, CFTR knockdown in WT ferret islets reduced insulin RNA expression. RNAs involved in transcriptional regulation of beta‐cell maturation and proliferation (Neurod1, Ngn3, Pax4, Reg3a, and Serpinhb1) were increased in CFTR‐KO islets, while PDX1 and MafB expression remained unchanged. Interestingly, the expression of the exocrine duct marker CK7 and markers of stellate cell activation and inflammation (alpha‐SMA, Acta1, and TGFbeta1) were significantly increased in CFTR‐KO islets. Consistent with this observation, newborn CF pancreata demonstrated higher levels of activated stellate cells (Desmin/alpha‐SMA positive) as compared to non‐CF. These results suggest that CFTR impacts beta‐cell function via a paracrine mechanism through islet‐associated duct and/or stellate cells. Elucidation of the signal pathway(s) by which CFTR mutant ductal cells affect islet function requires further investigation.
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**KNOCKOUT AND OVEREXPRESSION OF CFTR IN BETA‐CELLS REVEAL ITS FUNCTION IN REGULATION OF INSULIN SECRETION**

[Li, C.]{.ul} ^1^; Chen, P.^1^; Lam, C.^2^; Ackermann, A.M.^1^; Rankin, M.M.^1^; Kaestner, K.H.^4^; Stanley, C.A.^1^; Kushner, J.A.^2^; Kelly, A.^1^; Rubenstein, R.C.^3^ *1. Endocrinology, The Children\'s Hospital of Philadelphia, Philadelphia, PA, USA* *; 2. Endocrinology, Texas Children\'s Hospital, Houston, TX, USA* *; 3. Pulmonary Medicine, The Children\'s Hospital of Philadelphia, Philadelphia, PA, USA* *; 4. Genetics, Perelman School of Medicine, University of Pennsylvania, Philadelphia, PA, USA*

**Introduction**: Cystic fibrosis‐related diabetes (CFRD) is a common complication of CF and is a major risk factor for CF‐associated morbidity and early mortality. The traditional hypothesis is that CFRD is caused by progressive destruction of the exocrine pancreas, which leads to collateral damage of pancreatic islets. However, there is little direct evidence for this "collateral damage" hypothesis. A recent study showed that CF patients who were pancreas‐sufficient had enhanced acute insulin response to arginine stimulation, suggesting that insulin secretory capacity in pancreas‐sufficient patients is enhanced rather than impaired. These data support an alternative hypothesis that CFTR may have an intrinsic role in the regulation of β‐cell insulin secretion. To explore the mechanisms of dysregulated insulin secretion in CF, we created an inducible β‐cell specific *Cftr* knockout mouse and a β‐cell transfection system to overexpress CFTR.

**Methods**: Pancreatic islets were isolated from control and *Cftr* knockout mice to evaluate responses to glucose stimulation and islet cytosolic calcium (\[Ca^2+^\]~*i*~) responses. CFTR expression in β‐cells was determined by single‐cell RNA sequence in dispersed islet cells. CFTR function was further investigated by overexpression of CFTR in dispersed islet cells using a lentiviral transfection vector.

**Results**: Using single β‐cell RNA sequence analyses, we found that *Cftr* was expressed in approximately 20% of β‐cells, and is not detectable in remainder of β‐cells. The function of CFTR‐positive cells were examined by measurement of single islet cell \[Ca^2+^\]~*i*~. About 20% of β‐cells were sensitive to CFTR~inh~‐172 with elevated basal \[Ca^2+^\]~*i*~. After inhibition of CFTR, these cells have delayed response to glucose stimulation and failed to return to baseline after removal of glucose. Mice with knockout of *Cftr* had normal β‐cell mass, but islets isolated from these mice exhibit elevated \[Ca^2+^\]~*i*~ in presence of 3 mM glucose, suggesting an increased sensitivity to glucose stimulation. Islet perifusion showed that *Cftr*‐/‐ islets had an increased sensitivity to glucose‐stimulated insulin secretion and a delayed turn‐off of insulin secretion after glucose withdrawal. In contrast to wild‐type mouse islets, *Cftr‐/‐* islets failed to show the normal transient increase in \[Ca^2+^\]~*i*~ in response to thapsigargin, suggesting an alteration in ER calcium handling. β‐cells with overexpression of wild‐type CFTR showed impaired responses to glucose stimulation. Inhibition of the overexpressed CFTR by CFTR~inh~‐172 restored the glucose responsiveness.

**Summary**: CFTR is expressed in subpopulation of β‐cells. Knockout of CFTR resulted in elevation of basal \[Ca^2+^\]~*i*~, and showed both increased sensitivity to glucose stimulation and delayed turn‐off of insulin secretion. These data strongly suggest that CFTR functions cell autonomously to regulate β‐cell function, most likely in the process of β‐cell re‐polarization.

This study is supported by CFF.
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**β‐CELL SECRETORY CAPACITY IMPROVES IN CYSTIC FIBROSIS WITH IVACAFTOR THERAPY**

Kelly, A.^2^; Sheikh, S.^1^; DeLeon, D.^2^; Camburn, D.^1^; Peleckis, A.^3^; Rickels, M.^3^; [Rubenstein, R.C.]{.ul} ^1^ *1. Pulmonary Medicine, The Children\'s Hospital of Philadelphia, Philadelphia, PA, USA* *; 2. Endocrine, The Children\'s Hospital of Philadelphia, Philadelphia, PA, USA* *; 3. Medicine, Hospital of the University of Pennsylvania, Philadelphia, PA, USA*

**Background:** Cystic fibrosis‐related diabetes (CFRD) is associated with worse cystic fibrosis (CF) outcomes. The impact of the CFTR potentiator, ivacaftor, upon insulin secretion has received limited attention, but improved glucose tolerance has been appreciated.

**Objective:** This pilot study aimed to understand the impact of ivacaftor therapy upon insulin secretion, incretin secretion, and glucose tolerance in pancreatic exocrine sufficient (PS) and insufficient (PI) individuals with CF.

**Design/Methods:** Oral glucose tolerance tests (OGTT), mixed meal tolerance tests (MMTT), and glucose‐potentiated arginine‐induced insulin secretion tests (GPA) performed prior to and 16 weeks after initiation of ivacaftor treatment were compared in CF participants age ≥ 6y, who were in their usual state of health, and who had at least one CFTR gating or conductance mutation. First phase insulin secretion was quantitated by acute C‐peptide response to arginine, 0.07g/kg IV over 1 min: ACR~arg~=C‐peptide (mean at 2, 3, 4, and 5 min ‐ mean at ‐5 and ‐1 min) prior to glucose clamp. Glucose‐potentiated secretion (ACR~pot~) was defined by acute C‐peptide response during ˜230 mg/dL plasma glucose (PG); β‐cell secretory capacity (ACR~max~) was defined by response at ˜340 mg/dL glucose. β‐cell sensitivity to glucose was characterized by the glucose concentration at which half‐maximal insulin secretion was achieved: PG50=(1/2AIR~max~‐ β)/(AIR~pot~‐AIR~arg~/PG~230~‐PG~fasting~). Insulin sensitivity (M/I) was determined by dividing the mean glucose infusion rate required during the 230 mg/dL glucose clamp (M) by the mean pre‐stimulus insulin level (I) between 40‐45 min of the glucose infusion. Area under the curve (AUC) for the first 30 min of MMTT was calculated for glucose, C‐peptide, glucagon like peptide‐1 (GLP), and gastric inhibitory peptide (GIP).

**Results:** Preliminary data are available in 11 subjects (6M/5F; 3PS/8PI; 10 normal/1 impaired glucose tolerant) of median (min‐max) age: 13y (6‐42), BMI‐Z: 0.66 (‐2.4‐2), and FEV1%‐predicted: 102 (39‐122). Glucose tolerance normalized in the IGT subject. Following ivacaftor therapy, first phase insulin secretion (ACR~arg~; median (min‐max): 1.1 (0.2‐3.4) vs. 1.4 (0.1‐4.8) ng/mL, p=0.01) and β‐cell secretory capacity (ACR~pot~; 3.2 (0.2‐7.7) vs. 4.0 (0.4‐8.6) ng/mL, p=0.05) improved. PG~50~ (131 (63‐154) vs. 133 (113‐200), p=0.7) was not different but M/I (0.4 (0.1‐1.1) vs. 0.2 (0.1‐0.8), p=0.05) improved. MMTT AUC for GLP (204 (91‐435) vs. 238 (80‐591), p=0.07) and GIP (2537 (1248‐8191) vs. 3788 (2054‐8487), p=0.3) were not different.

**Conclusions**: Insulin secretion improved following four months of ivacaftor therapy in a relatively young group of PI and PS participants with largely normal glucose tolerance, while incretin secretion remained unchanged. These improvements in β‐cell secretory capacity suggest ivacaftor either directly affects β‐cell function or augments insulin secretion indirectly through improvements in other CF outcomes. Additional studies are needed to delineate the direct and indirect roles of CFTR in β‐cell function.

Supported by a grant from CFFT.
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**EVOLUTION OF GLYCEMIA, INSULINEMIA AND GLYCOSYLATED HEMOGLOBIN IN A CF PEDIATRIC POPULATION**

[Denis, M.]{.ul} ^1^; Paquette, A.^2^; Marcotte, J.^1^; Mailhot, G.^1,2,3^ *1. CHU Sainte‐Justine, Montreal, QC, Canada* *; 2. Universite de Montreal, Montreal, QC, Canada* *; 3. Centre de Recherche CHU Ste‐Justine, Montreal, QC, Canada*

**Background**: Prevalence of cystic fibrosis‐related diabetes (CFRD) increases with age. Early screening is essential.

**Objective**: To document evolution of glycemia, insulinemia and glycosylated hemoglobin levels (HbA1c) in CF pediatric patients.

**Method**: Chart review of 137 patients followed at the CHU Sainte‐Justine CF Clinic between 1993 and 2014. We collected results from annual oral glucose tolerance test, and insulinemia of 119 pancreatic‐insufficient (PI) and 18 pancreatic‐sufficient patients (PS) aged 10 to 18. We also recorded HbA1c from age 1 to 18.

**Results**: Between 10 and 18 years, prevalence of normal glucose tolerance (NGT) decreased from 84 to 61% whereas impaired glucose tolerance and new CFRD increased from 13 to 32% and 3 to 7% respectively in PI patients. All PS patients remained NGT. Mean fasting glycemia increased from 5.3 to 5.9 mmol/L in PI patients but remained stable at 5.0 mmol/L in PS patients. Two‐hour glycemia increased from 6.5 to 7.5 mmol/L in PI vs 5.3 to 6.2 mmol/L in PS patients. Fasting and 2‐hour insulinemia increased from 31.2 to 34.6 pmol/L and 162.6 to 268.5 pmol/L in PI patients. PS patients displayed marked fluctuations of their insulinemia with values ranging from 33.0 to 72.1pmol/L (fasting) and 219 to 365 pmol/L (2‐hour). Between the age of 1 and 18 years, HbA1c increased gradually from 5.4 to 6.2% in PI vs 5.0 to 5.4% in PS patients.

**Conclusion**: We observed a decrease in glucose tolerance in PI patients with time characterized by an increase in fasting and 2‐hour glycemia and insulinemia between the ages of 10 and 18. Increase in 2‐hour insulinemia and glycemia might suggest insulin resistance. Interestingly, HbA1c values were higher in PI vs PS patients as early as 1 year old. Our findings emphasize the need for early monitoring of CFRD.
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**LOW BONE DENSITY AND FRACTURES BEFORE AND AFTER PEDIATRIC LUNG TRANSPLANT**

[Putman, M.S.]{.ul} ^1^; Simoneau, T.^4^; Feldman, H.^2^; Haagensen, A.^1^; Boyer, D.^3^ *1. Endocrine, Boston Children\'s, Boston, MA, USA* *; 2. Clinical Research Center, Boston Children\'s, Boston, MA, USA* *; 3. Pulmonology, Boston Children\'s, Boston, MA, USA* *; 4. Pulmonology, Connecticut Children\'s, Hartford, CT, USA*

**Introduction:** Children undergoing lung transplant are at risk for low bone mineral density (BMD) and fractures. Studies in adults have shown that BMD declines after solid organ transplant and that fracture risk is high. The effect of lung transplant on BMD and fractures in pediatric patients is unknown.

**Methods:** We performed a retrospective chart review of all patients ages 2--21 years who underwent lung transplant at BCH from Jan 2000 to Jan 2015. As part of routine clinical care, patients undergo DXA scans at the time of transplant evaluation and annually after transplant. Results from up to 4 DXA scans (including most recent) were obtained from each patient, along with clinical data at the time of scan including anthropometric measures, diagnoses, medications, pertinent lab results, and fractures (confirmed by x‐ray). Linear regression was used to identify predictors of low BMD at the time of transplant evaluation. Repeated measures analyses were used to compare BMD Z‐score changes over time.

**Results:** Fifty‐one patients were studied. Age at transplant was 14.7±4.8 y (mean±SD), 49% were female, and 61% had CF. At the time of lung transplant evaluation, BMD Z‐score was ‐2.2±1.4, and 48% of patients had a Z‐score ≤‐2.0. BMD Z‐score at the time of transplant evaluation was correlated with FEV1 (r=0.42, p=0.04) and height SDS (r=0.69, p\<0.001). Nine patients (17%) sustained a fracture prior to transplant (6 spine, 1 hip, 2 extremity). BMD Z‐score declined in the first year after treatment and gradually returned to near‐baseline by the third post‐transplant year, but Z‐scores did not normalize (Figure). This pattern was significant at the total hip (p=0.017) with marginal significance at the spine (p=0.13). Height Z‐score, 25(OH)D, and number of rejection episodes significantly affected BMD Z‐score change, and multivariable adjustment for these covariates further strengthened this pattern at the hip (p=0.016) and spine (p=0.07). Fifteen patients (29%) suffered 18 fractures in the post‐transplant period (7 spine, 3 hip, 3 rib, 5 extremity), occurring 1.6±1.6 y after transplant.

**Conclusion:** Pediatric patients have a high prevalence of low BMD and fractures at the time of lung transplant evaluation. BMD Z‐scores decline even further in the year after transplant and gradually return to pre‐transplant level by the third post‐transplant year, but BMD does not normalize after transplant. Fractures in the 2 years after transplant are common and occur at sites associated with significant morbidity. These findings support increased efforts to optimize bone health in pediatric lung transplant patients.
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**SEVERE LIVER DISEASE (CFLD) IS A POTENT RISK FACTOR FOR EARLY‐ONSET CF‐RELATED DIABETES (CFRD) AND IS ADDITIVE WITH A CFRD MODIFIER‐BASED GENETIC RISK SCORE**

Stonebraker, J.R.^1^; Dang, A.^1^; Pace, R.G.^1^; Corvol, H.^2,3^; Strug, L.J.^4,5^; Rommens, J.M.^4,5^; Drumm, M.L.^6^; Cutting, G.R.^7^; Durie, P.R.^4,5^; Ling, S.^4,5^; Knowles, M.R.^1^; [Blackman, S.M.]{.ul} ^8^ *1. Marsico Lung Institute, Univ of North Carolina at Chapel Hill, Chapel Hill, NC, USA* *; 2. Pediatric Pulmonology, Hôpital Trousseau, Paris, France* *; 3. Université Pierre et Marie Curie, Paris, France* *; 4. Hospital for Sick Children, Toronto, ON, Canada* *; 5. Univ of Toronto, Toronto, ON, Canada* *; 6. Pediatrics, Case Western Reserve Univ, Cleveland, OH, USA* *; 7. Pediatrics and Genetics, Johns Hopkins Univ, Baltimore, MD, USA* *; 8. Pediatric Endocrinology, Johns Hopkins Univ, Baltimore, MD, USA*

**Background:** CF‐related diabetes (CFRD) affects 10‐15% of adolescents, 40% of adults, and 80% of those \>50 years old with 2 severe *CFTR* mutations conferring early onset pancreatic insufficiency (PI). However, the risk of CFRD is variable and depends on many factors including 5 CFRD risk genes (*SLC26A9, TCF7L2, IGF2BP2, CDKAL1, CDKN2A/B*; Blackman SM, et al., Diabetes. 2013;62:3627‐35). CFRD occurs more frequently in individuals with evidence of liver dysfunction, which affects up to 30% of people with CF, but also progresses to cirrhosis with portal hypertension early in life (median age 10 y) in 3‐5% (severe CF‐liver disease, CFLD), sometimes requiring liver transplantation.

**Objective:** To compare the rate of, and risk factors for, CFRD in two of the largest cohorts to date of CF individuals with severe CFLD vs no liver disease (CFnoLD).

**Design:** Individuals with severe CFLD were recruited by the Genetic Modifier Study of Severe CF Liver Disease (n=463). CFnoLD individuals (n=3,292) were recruited by the North American CF Gene Modifier Consortium. All had *CFTR* genotypes conferring severe exocrine PI. CFRD risk genotypes were obtained from the Consortium. Outcomes were defined using clinical records and censored at organ transplant except where noted.

**Results:** The severe CFLD group was younger (mean age 18 vs 21 y), more likely male (62% vs 53%), and more likely to have CFRD (34% vs 18%) at an earlier age (median diagnosis age 15 vs 21 y), compared to CFnoLD. Using Cox proportional hazard regression (to account for age differences), CFLD was a strong risk factor for CFRD (hazard ratio; HR=3.4, 95% CI 2.8‐4.1, P=1.9×^‐37^). CFLD was a greater risk factor for early onset CFRD (diagnosed before age 15; HR=6.6, P=3.4×^‐4^), especially if CFRD occurring after liver transplant was not excluded (HR=8.0, P=4.3×^‐5^). In the CFLD cohort, CFRD was independently correlated with female sex (HR=1.7, P=0.002) and earlier diagnosis of CFLD (HR=1.03 per year, P=0.03). A risk score of the top variants at the 5 published CFRD modifier loci was associated with CFRD in genotyped cohorts of both CFnoLD (n=3,185; HR=1.2 per allele, P=3.6×^‐15^) and CFLD (n=339, HR=1.2 per allele, P=0.039); no interaction with CFLD (P=0.5). CFLD itself was not associated with the 5 SNP CFRD genetic risk score.

**Conclusions:** Diabetes occurs earlier and in a greater proportion of people with CFLD, especially those with CFRD risk gene variants. These data are consistent with a model in which severe CFLD predisposes to CFRD via pathways not involving the 5 CFRD risk genes included in this analysis. The CF Foundation recommends annual diabetes screening starting at age 10, but we recommend such screening start at CFLD diagnosis if before age 10.

Supported by CFF and NIH.
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**JOINT EVOLUTION OF GLYCEMIA AND RESPIRATORY FUNCTION IN CYSTIC FIBROSIS: A THREE‐YEAR FOLLOW‐UP**

[Reynaud, Q.]{.ul} ^1,2^; Poupon Bourdy, S.^3^; Roche, S.^4,5^; Rabilloud, M.^4,5^; Nove Josserand, R.^1^; Touzet, S.^3,2^; Durieu, I.^1,2^ *1. Cystic Fibrosis Adult Care Center, HCL, Pierre‐Benite, France* *; 2. EA Hesper 7425, Université Lyon 1, Lyon, France* *; 3. Pôle IMER, HCL, Lyon, France* *; 4. Service de Biostatistique, HCL, Lyon, France* *; 5. UMR 5558 Laboratoire de Biométrie et Biologie Evolutive, Université Lyon 1, Villeurbanne, France*

**Background**: Except for cystic fibrosis‐related diabetes (CFRD), the clinical impact of most glucose abnormalities remains uncertain, with debate about their treatment. The aim of our study is to describe the evolution of glucose tolerance in CF and to evaluate the association between glucose tolerance evolution and pulmonary status evolution.

**Methods**: We conducted an observational study of a cohort of 228 CF patients aged \>10 years. A 2‐h OGTT was performed at inclusion and annually during a three‐year follow‐up period. One‐hour OGTT glucose value (G1) and 2‐hour OGTT glucose value (G2) were considered. A longitudinal cluster analysis method, KmL, was used to divide patients into sub‐groups of evolution of G1 and G2 glycemic profiles. Longitudinal modelling of FEV~1~ linear mixed model was used to quantify the relationship between the changes of FEV~1~ over time and the glycemic trajectories (GT).

**Results**: For G1 in adults, 2 GT were observed: a stable and low GT (Group A; n = 68), and a stable and intermediary GT (Group B; n = 46). For G2 in adults, 4 GT were obtained: a stable and low GT (Group A; n = 54), a low and increasing GT (Group B; n = 33); an intermediary and decreasing GT (Group C; n = 20) and a high and increasing GT (Group D; n = 10). For G1 in children, 3 GT were observed: a stable and intermediary GT (Group A; n = 50), a stable and low GT (Group B; n = 44) and a high and increasing GT (Group C; n = 17). For G2 in children, 4 GT were observed: a stable and low GT (Group A; n = 54), an intermediary and decreasing GT (Group B; n = 34), a low increasing and decreasing GT (Group C; n = 15) and a high and stable GT (Group D; n = 8). In the adult G1 GT model, after adjustment for age and gender, the decrease of FEV1 over time was estimated at 0.85% per year (95% CI \[‐1.54; ‐0.17\], p=0.01) in group A. No significant difference was observed for group B. Considering G2 GT in adults, the decrease of FEV1 over time was 0.73% per year (95% CI: \[‐1.44; ‐0.02\]; p=0.04) in group A. For group D, the decrease was significantly higher (‐2.1% per year (95% CI \[‐3.9; ‐0.2\], p=0.03)), but not significantly different for group B and C. For G1 GT in children, FEV1 decrease was estimated at 1.1% per year (95% CI: \[‐2.64; 0.45\]; p=0.17) in group B. The changes of FEV1 were not significantly different in the other groups. No significant change of FEV1 over time was noticed between the four GT considering G2 GT in children.

**Conclusion**: Altered G1 glucose levels are not associated with a degradation of pulmonary function according to our data, and the question of this status remained unknown. The worsening of G2 glucose value over time seems associated with FEV~1~ decline and probably justifies antidiabetic treatment.
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**COMPARISON OF GLUCOSE ABNORMALITIES AND CLINICAL STATUS IN CANADIAN AND FRENCH CYSTIC FIBROSIS ADULT PATIENT COHORTS**

[Reynaud, Q.]{.ul} ^1,2^; Boudreau, V.^3,4^; Touzet, S.^5,2^; Desjardins, K.^3,4^; Poupon Bourdy, S.^5^; Berthiaume, Y.^3,6,7^; Rabasa Lhoret, R.^3,4,7^; Durieu, I.^1,2^ *1. Cystic Fibrosis Adult Care Center, HCL, Saint Genis Laval, France* *; 2. EA Hesper 7425, Université Lyon 1, Lyon, France* *; 3. Institut de Recherches Cliniques de Montéral, Montréal, QC, Canada* *; 4. Department of Nutrition, Université de Montéral, Montréal, QC, Canada* *; 5. Pôle IMER, HCL, Lyon, France* *; 6. Department of Medicine, Université de Montréal, Montréal, QC, Canada* *; 7. Cystic Fibrosis Clinic, CHUM Hôtel Dieu, Montréal, QC, Canada*

**Introduction**: Association between early glucose abnormalities (higher fasting, 1‐h and 2‐h glucose and insulin values during an oral glucose tolerance test (OGTT)) and worse clinical status (pulmonary function: FEV1, and nutritional: BMI) are debated. We compared clinical status and glucose tolerance in two large ongoing CF‐adult observational cohorts (Montreal, Canada and Lyon, France).

**Methods**: The main inclusion criterion in both cohorts is the absence of CF‐related diabetes diagnosis. Using inclusion data in both cohorts we compared fasting glucose values (G0), 1‐h (G1) and 2‐h (G2) glucose values measured during OGTT with nonparametric Mann‐Whitney tests.

**Results**: 265 Canadian and 147 French patients were available. Sex ratio (45% female) and proportion of F508del homozygous (51%) patients are similar. Canadian patients are older (26.3 ± 7.9 vs 24.9 ± 6.7, p=0.03). Age‐adjusted clinical status of the Canadian group is better with higher %FEV~1~ (72.9 ± 21.8 vs 62.9 ± 22.1, p \< 0.0001) and higher BMI (21.7 ± 2.9 versus 20.1 ± 2.2 kg/m^2^, p \< 0.0001). The prevalence of *de novo* CFRD diagnosis (16.6% versus 9.2%, p = 0.01) as well as G0, G1 and G2 values were higher in the Canadian group (respectively 5.5 ± 0.8 versus 4.8 ± 0.5nmol/L, p \< 0.0001 for G0; 11.3 ± 3.1 versus 9.8 ± 2.4nmol/L, p \< 0.0001 for G1; 8.1 ± 3.3 versus 7.1 ± 2.7nmol/L, p = 0.004 for G2).

**Conclusion**: Despite higher glucose values and incidence of *de novo* CFRD, the Canadian CF patients have a better pulmonary and nutritional status with higher FEV~1~ and BMI compared to the French CF patients. Potential underlying factors including insulin secretion and sensitivity, modifier genes, nutritional behavior, exacerbation frequency and clinical practices play a role in these differences.
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**DESPITE SMALLER SIZE AND REDUCED BONE CONTENT, CFTR‐/‐ RAT FEMURS AND TIBIAS HAVE SIMILAR BONE STRENGTH**

[Havasi, V.]{.ul} ^1,2^; Andrews, M.A.^1^; Stalvey, M.S.^1,2^ *1. Pediatric Endocrinology, University of Alabama at Birmingham, Birmingham, AL, USA* *; 2. Gregory Fleming James Cystic Fibrosis Research Center, University of Alabama at Birmingham, Birmingham, AL, USA*

**Background:** Reduced growth and decreased bone density are characteristics of growth and bone health in CF. Although increased risk of fractures due to osteopenia occurs in CF adults, studies demonstrate no increased fracture risk in CF children with mild to moderate lung disease. We recreated this clinical finding through bone strength analysis in the novel CF knockout rat model. Previous studies from our laboratory have established impaired linear growth, reduced bone content and lower serum IGF‐I concentrations in young SD‐CFTR^tm1sage^ (*Cftr‐/‐*) rats compared to wild‐type (WT) littermates (specifically in the absence of pulmonary and pancreatic confounders).

**Methods:** Femurs and tibias from three female WT and three female *Cftr‐/‐* rats were compared at six weeks of age for bone length, bone mineral density, as well as dynamic bone strength. Bone length was compared via calipers, bone mineral density was determined via microcomputed tomography (microCT), and bone strength via 3‐point bending flexural test.

**Results:** The small group of animals studied revealed a nonsignificant reduction in length of *Cftr‐/‐* female femurs (p=0.15) and tibias (p=0.07) compared to WT rats. Bone content and microarchitecture was reduced in *Cftr‐/‐* rats in both femurs (trabecular total volume, trabecular bone volume, cortical total volume, and cortical bone volume; p value \<0.05 for all) and tibias (trabecular bone volume, p \<0.05) compared to WT. However, no differences were found in dynamic measurements of bone strength (maximum force, maximum bending moment, deflection, stiffness or energy to max force) for either the femurs or tibias (p=ns). Ongoing studies will increase our number of animals to strengthen our results.

**Conclusions:** Analogous to CF children demonstrating growth restriction in infancy and prior to lung dysfunction, CF rats demonstrate poor growth and reduced bone content. This conclusion is based on previous studies and data included from our ongoing experiments. Similar to the absence of increased fracture risk in CF children, the reduction in bone size and content is not accompanied by a decrease in bone strength. Additional studies into growth and bone health in CF are needed, and perhaps also considerations to how bone health is monitored in youth with CF. Our findings further support an intrinsic defect in linear growth and bone health in CF.

**Acknowledgements:** UAB CF Animal Model Core, UAB Experimental Biomechanics Core and the UAB Small Animal Phenotyping Core, as well as funding support by DK072482.
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**ROLE OF BRADYKININ AND CGRP IN PANCREATIC ENDOCRINE DYSREGULATION IN CYSTIC FIBROSIS**

[Rotti, P.]{.ul} ^1,2^; Xie, W.^1^; Sun, X.^1^; Yi, Y.^1^; Zhang, Y.^1^; Winter, M.C.^1^; Liang, B.^1^; He, N.^1^; Engelhardt, J.^1^ *1. Anatomy and Cell Biology, University of Iowa, Iowa City, IA, USA* *; 2. Biomedical Engineering, University of Iowa, Iowa City, IA, USA*

The cystic fibrosis transmembrane conductance regulator (CFTR) anion channel in the ductal epithelium of the pancreas plays a critical role in transporting bicarbonate into the lumen of ducts. Bicarbonate anions alkalinize the ductal lumen and in turn inactivate the pancreatic digestive enzymes secreted by the pancreatic acinar cells. The loss of function of CFTR in cystic fibrosis (CF) causes a pH imbalance in the lumen and the persisting acidic environment is thought to prematurely activate digestive enzymes leading to inflammation, fibrosis, and loss of beta‐cell function. We have developed a CFTR‐KO ferret model that develops very similar pancreatic pathology to that seen in human CF patients. Using the CF ferret model, we sought to understand how the earliest phases of CF pancreatitis and exocrine dysfunction lead to endocrine pancreas abnormalities that influence insulin secretion. We hypothesized that neuroendocrine regulation during this phase is abnormal due to inflammation and that altered production of certain neuropeptides can negatively impact pancreatic endocrine function. Previously we have shown that newborn CF ferrets have impaired glucose tolerance and poorly regulated insulin secretion (impaired first phase insulin and accentuated second phase insulin secretion) despite normal islet cell mass (*J Clin Invest*. 2012;122:3755). Because isolated islets from CF newborn ferrets have similarly dysregulated insulin secretion, we hypothesized that the proinflammatory environment of the CF pancreas impairs functionality of islets. We screened plasma, urine, and pancreas for neuropeptides associated with inflammation and found calcitonin gene‐related peptide (CGRP) and bradykinin (BK) were both present at elevated levels in newborn CF ferrets. Therefore, we sought to determine if CGRP and/or BK impair islet hormone regulation and if so the mechanism of action. To study the action of BK on islets, we first localized bradykinin receptor 2 (BDKR2) on the endocrine hormone secreting cells of islets and found it localizes to alpha‐cells in humans and ferrets but in mice and rats BDKR2 localized to beta‐cells. Interestingly, in older CF ferrets BDKR2 localized to both beta‐cells and alpha‐cells. Since CF rats and mice lack pancreatic exocrine and endocrine disease observed in CF humans and ferrets, we sought to understand how BK might differentially affect insulin and glucagon secretion in ferrets and mice. Under low glucose conditions, BK treatment reduced glucagon secretion by ferret islets (2‐fold, *P*\<0.05) while decreasing insulin secretion by mouse islets (10‐fold, *P*\<0.05). By contrast, under high glucose conditions BK enhanced the secretory index of glucagon (4‐fold, *P*\<0.05) while reducing the secretory index of insulin (2‐fold, *P*\<0.05) in ferret islets. Studies dissecting the effect of CGRP on islet hormone secretion are underway and preliminary studies suggest that CGRP enhances insulin secretion by ferret islets under low glucose conditions. We hypothesize that these neuropeptides influence glucose sensitivity of the islet and may contribute to the poorly regulated insulin responses observed in early CF pancreatic disease.
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**SYSTEMATIC RENAL FUNCTION EVALUATION USING IOHEXOL OR INULINE CLEARANCE BEFORE LUNG TRANSPLANTATION IN ADULT CF PATIENTS**

[Novel‐Catin, E.]{.ul} ^1^; Pelletier, S.^1^; Nove Josserand, R.^2^; Reynaud, Q.^2^; Durupt, S.^2^; Dubourg, L.^3^; Laville, M.^1^; Fouque, D.^1^; Durieu, I.^2^ *1. Nephrology, University Center Hospital -- Lyon‐Sud, Lyon, France* *; 2. Cystic Fibrosis Adult Center, University Center Hospital -- Lyon‐Sud, Lyon, France* *; 3. Nephrology, University Center Hospital -- Edouard Herriot, Lyon, France*

**Introduction**: Cystic fibrosis (CF) patients are at risk for kidney injury even before undergoing lung transplantation, because of prolonged exposure to aminoglycosides and complications of diabetes mellitus. The usual equations estimating the glomerular filtration rate (GFR) such as Cockroft or MDRD Formula are not adapted in CF population due to patients\' low body weight (Beringer PM, et al, J Cyst Fibros. 2009;8:19‐25). The aim of our study was to measure precisely the GFR of CF adult patients before lung transplantation.

**Methods**: Iohexol or inulin clearance was realized in 21 adult CF patients, when they entered the lung transplant waiting list (n=17) or when the patient was considered by the clinician at high risk for renal disease (n=4). No patient was treated with aminoglycosides at the time of GFR measurement. BMI, history of diabetes mellitus and high blood pressure were recorded. Exposure to intravenous aminoglycoside within the 5 years before GFR measurement was calculated. Urine samples were collected to check for proteinuria and albuminuria.

**Results**: Our population was predominantly male (57%). Mean age at GFR measurement was 31 years old (Ranging from 23 to 49y). Mean BMI was 19kg/m^2^(Ranging from 16 to 25). Only one patient had a history of high blood pressure, and 43% of patients were diabetic. 14% of patients had albuminuria of more than 30mg/L and none of them had proteinuria. Mean days of exposure to IV aminoglycoside therapy within the 5 years before GFR evaluation was 169 days (Ranging from 60 to 280 days). Tobramycin was the most‐used aminoglycoside at the mean dose of 7.6mg/kg/day. GFR was measured using iohexol for 15 patients and inulin was used for the remaining 6 patients. Mean measured GFR was 107mL/min/1.73m^2^. Only 2 patients had a measured GFR \<90mL/min/1.73m^2^. For these two patients, GFR estimation using CKD EPI was unable to detect the moderate decline in kidney function (estimated GFR \>90mL/min/1.73m^2^).

**Conclusion**: Despite prolonged exposure to high doses of aminoglycosides associated with a high prevalence of diabetes mellitus, no major decline in GFR is observed in our cohort. More data are necessary to determine if CKD EPI equation is adequate to estimate GFR in adult CF patients. Repeated GFR measurements using iohexol or inulin after lung transplantation could allow evaluation of degradation of renal function after transplantation and to determine risk factors for poorer renal outcome.

**Mean measured and estimated GFR in 21 CF patients.**
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**REDUCED PANCREATIC POLYPEPTIDE (PP) LEVEL IN CF MAY INFLUENCE GLUCOSE METABOLISM**

[Yi, Y.]{.ul} ^1^; Sun, X.^1^; Larson Ode, K.^2^; Yan, Z.^1^; Liang, B.^1^; He, N.^1^; Yu, Y.^1^; Feng, Z.^1^; Uc, A.^3^; Moran, A.^4^; Norris, A.^3,2^; Engelhardt, J.^1,2^ *1. Anatomy and Cell Biology, University of Iowa, Iowa City, IA, USA* *; 2. Fraternal Order of Eagles Diabetes Research Center, University of Iowa, Iowa City, IA, USA* *; 3. Pediatrics, University of Iowa, Iowa City, IA, USA* *; 4. Department of Pediatrics, University of Minnesota, Iowa City, IA, USA*

Diabetes is a significant comorbidity of cystic fibrosis (CF) and affects ˜20‐25% of adolescents and 40‐50% of CF adults over thirty years of age. Changes in the secretion kinetics and/or magnitude of glucose responsiveness of insular‐ and entero‐endocrine hormones often precedes the diagnosis of CF‐related diabetes (CFRD). Prominent CF‐associated changes include impaired pancreatic polypeptide (PP) and first phase insulin secretion. Impaired PP secretion in CF patients, following glucose challenge or a meal, has largely been dismissed as important to the development of diabetes since PP knockout mice lack a known phenotype. However, PP responses are considered a potentially useful marker of diabetes in other forms of pancreatogenic (e.g. pancreatitis‐induced) diabetes mellitus. Herein, we evaluated the age of onset of PP secretion defects in CFTR‐KO ferrets and very young CF human subjects following mixed meal tolerance tests (MMTT) and/or oral glucose tolerance tests (OGTT). PP responses following MMTT or OGTT were significantly reduced in 2‐4 and 4‐12 month old CF ferrets as compared to non‐CF ferrets. Similarly, reduced PP secretion following OGTT was observed in both 0.3‐3 year (p\<0.001) and 3‐6 year (p\<0.001) old children with CF (N=39) as compared to similar age non‐CF children (N=12). To evaluate whether PP secretion impacts glucose tolerance or the secretion of insular and enteroinsular axis hormones, we performed intramuscular injections of synthetic ferret PP protein in CF (N=8) and non‐CF (N=8) ferrets and examined the changes in blood glucose and the secretion of insulin, glucagon, GIP and GLP‐1. PP injection differentially inhibited glucagon (p\< 0.01) and enhanced GIP secretion (p\<0.01) in CF animals. Using a second approach, we created a recombinant adeno‐associated virus that expresses ferret PP and performed intramuscular injection of AAV2/1‐PP in wild‐type ferrets (6‐7 weeks of age, N=3, 8.4e8 DNAase resistant particles/gram body weight). AAV2/1‐PP infected ferrets demonstrated plasma PP levels ˜6 fold (p\<0.001) higher than uninfected controls at 2‐3 weeks of age. MMTT studies on these animals at 3 weeks post‐infection demonstrated improved glucose tolerance (p\<0.01). Ongoing studies are evaluating whether recombinant PP expression enhances glucose tolerance in CF ferrets. We are also further delineating the mechanism of improved glucose tolerance in non‐CF animals using euglycemic hyperinsulinemic glucose clamps with tracers to evaluate glucose metabolism in the liver and peripheral organs. Such studies may provide new insights into mechanisms of PP action on glucose metabolism and CFRD pathogenesis. This work was funded by the National Institutes of Health grant NIDDK R24 DK96518‐01 to JFE.
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**PREPUBERTAL INSULIN SECRETORY DEFECTS ARE LONG‐TERM PREDICTORS OF REDUCED ADULT HEIGHT IN CYSTIC FIBROSIS PATIENTS**

[Battezzati, A.]{.ul} ^1^; De Carlo, G.^1^; Zazzeron, L.^2^; Alicandro, G.^2^; Bertoli, S.^1^; Colombo, C.^2,3^ *1. International Center for the Assessment of Nutritional Status (ICANS), Università degli Studi di Milano, Milano, MI, Italy* *; 2. Regional Cystic Fibrosis Center, Fondazione IRCCS Ospedale Maggiore Policlinico, Mangiagalli e Regina Elena, Milano, MI, Italy* *; 3. Dipartimento di Scienze Materno Infantili, Università degli Studi di Milano, Milano, Italy*

**Introduction:** Absolute insulin deficiency causes growth failure and nutritional decay. In cystic fibrosis, insulin secretory defects are common also in normotolerant patients. We evaluated whether prepubertal insulin secretory defects are predictive of reduced adult height.

**Methods:** We performed OGTT in 40 pre‐pubertal patients (22 females) without previously known diabetes. At recruitment patients were 8.5‐12.7 yrs old (age 11.4±09, mean±sd), 83% pancreatic insufficient on enzyme replacement. Insulin secretory (beta cell responsiveness to glucose) and insulin sensitivity parameters were derived from modelling of glucose, insulin and c‐peptide profiles evaluated at 30min intervals for 3h, and were evaluated according to reference values for sex and age recently developed in the CF Center of Milan (Battezzati A, et al. J Clin Endocrinol Metab. 2015;100:2963--71). After 9.6±1.9 years follow‐up, adult height was recorded (age 21.0±0.9 years).

**Results:** In a regression model adjusted for sex, OGTT glucose concentrations were unrelated to adult height. In contrast, the 30min insulin concentration was a predictor of adult height (p=0.024) and BMI (p\<0.001). Similar results were obtained when BMI z‐score was added to the model among predictors to take into account nutritional status at the time of OGTT. Adjusted for sex, beta cell function was a tendential predictor of final height as well (p\<0.056). Females with beta cell function below the 25th centile for sex and age, had a lower final height (151.9±4.3 vs 160.9±7.8 cm, p\< 0.01).

**Conclusion:** These results confirm the anabolic role of insulin promoting linear growth indipendent of glucose tolerance status. Insulin secretory defects evaluated with OGTT are associated to reduced final height even when they do not preclude normotolerance. Their detection should warrant interventions to ensure full growth potential achievement, among which insulin therapy could be considered.

Supported by grant FFC 21_2013 from Italian Cystic Fibrosis Research Foundation.
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**GROWTH IN CYSTIC FIBROSIS: THE CARTILAGINOUS GROWTH PLATE MAY BE THE KEY TO POOR LINEAR GROWTH**

[Stalvey, M.S.]{.ul} ^1,2^; Havasi, V.^1,2^; Tuggle, K.^2,3^; Wang, D.^5^; Birket, S.^2,4^; Rowe, S.M.^2,4^ *1. Pediatrics, Univ. of Alabama, Birmingham, AL, USA* *; 2. UAB Gregory Fleming James Cystic Fibrosis Research Center, Birmingham, AL, USA* *; 3. Cystic Fibrosis Foundation, Bethesda, MD, USA* *; 4. Medicine, Univ. of Alabama, Birmingham, AL, USA* *; 5. Pathology, Univ. of Alabama, Birmingham, AL, USA*

Despite improvements in lung health and nutrition, reduced growth and osteopenia are common in CF and cause serious morbidity. Data suggest CF causes an inherent defect in bone metabolism, and the etiology may reside in the expression of CFTR in osteoblasts. Reduced linear growth occurs in CF despite normal lung health, and potentiation of CFTR by ivacaftor in CF children with G551D results in improved growth. The mechanism for an intrinsic defect has not been proposed. Utilizing *Cftr‐/‐* rats and wild‐type (WT) littermates, we studied differences in growth and bone metabolism---in absence of significant pulmonary and pancreatic disease---longitudinally from weaning into adulthood. To determine mechanism, we evaluated differences in cartilaginous growth plates secondary to CFTR‐deficiency.

*Cftr‐/‐* (n=6) and WT (n=4) male rats underwent in vivo DXA imaging every 2 weeks, from 5 weeks to 17 weeks of age. Animal weight, femur and tibia length, as well as bone mineral density (BMD), were compared over time via linear regression analysis. IGF‐I and urine N‐telopeptide of type 1 collagen were collected. We compared histologic differences in the cartilaginous growth plate in femurs of *Cftr‐/‐* (n=7) and WT (n=6) male rats 3‐6 weeks of age.

Between 5 and 17 weeks of age, WT rats gained weight at a greater rate than *Cftr‐/‐* rats (p\<0.01). Tibia and femur length were both reduced in *Cftr‐/‐* rats at 5 weeks (tibia: 29.01±0.44 vs 32.28±0.40, and femur: 22.22±0.47 vs. 24.61±0.45 mm; p\<0.01) and persisted through 17 weeks (p\<0.0001 for both). Tibia and femur BMD were both reduced in *Cftr‐/‐* rats compared to WT from 5 weeks (tibia: 0.063±0.0 vs. 0.071±0.0, femur: 0.093±0.0 vs 0.111±0.0 g/cm^2^; p\<0.05) to 17 weeks (p\<0.0001 for both). Histologic comparison of growth plates revealed a 43% reduction in femur growth plate thickness of *Cftr‐/‐* rats (p\<0.05), suggesting an underlying cause. We observed no difference in proliferative zone thickness or average number of proliferating cells/column. However, hypertrophic zone thickness, mean volume of hypertrophic cells and mean hypertrophic cell volume standard deviation were reduced in *Cftr‐/‐* rats (p\<0.05 for all). Analyses of markers of anabolic function and bone turnover are in progress.

Growth and bone density is impaired in CFTR‐deficient rats, despite lack of pancreatic and overt pulmonary disease. Prior data suggesting a defect in bone metabolism did not provide a mechanism for differences in growth. However, alterations in cartilage differentiation and function at the growth plate---from proliferative zone into hypertrophic zone---provide a novel mechanism for growth restriction seen in CF. Combined with recent clinical data indicating improved growth in children with the G551D CFTR upon initiation of ivacaftor, our findings implicate a mechanism for direct influence of CFTR on bone length, providing an improved understanding for impaired growth.

The authors acknowledge UAB CF Animal Model Core, the Histomorphometry & Molecular Analysis Core and the Small Animal Phenotyping Core, as well as funding support by NIH P30 DK072482.
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**CONTINUOUS GLUCOSE MONITORING IN CF YOUTH BEFORE AND AFTER IVACAFTOR/LUMACAFTOR**

[Vigers, T.B.]{.ul}; Pyle, L.; DeVoogd, R.; Zemanick, E.T.; Martiniano, S.L.; Sagel, S.D.; Chan, C.L. *Department of Pediatrics, University of Colorado School of Medicine, Aurora, CO, USA*

**Introduction:** The effects of ivacaftor/lumacaftor on glucose metabolism in cystic fibrosis (CF) are not well understood.

**Objective:** To compare continuous glucose monitoring (CGM) measures in CF youth before and after initiation of ivacaftor/lumacaftor.

**Methods:** CF patients with and without cystic fibrosis‐related diabetes (CFRD) who underwent CGM as part of a research protocol within 12 months prior to starting ivacaftor/lumacaftor were recruited to undergo repeat CGM within 12 months post‐initiation of ivacaftor/lumacaftor. HbA1c data were also collected at time of CGM wear. Exclusion criteria included changes in dose of medications affecting glucose metabolism (e.g. insulin, atypical antipsychotics, etc.) within the 3 months prior to CGM, and hospitalization or systemic steroids within the prior 6 weeks. CGM data were analyzed in 24‐hour and night/day periods, and intra‐individual pre/post CGM measures were compared using the Wilcoxon signed‐rank Test. A p‐value of \<0.05 was considered significant.

**Results:** CGM data pre and post‐initiation of ivacaftor/lumacaftor were available in 5 participants \[median (range) age = 14(11,16) y; 4/5 male; 2/5 with CFRD\]. Median (range) time of CGM wear prior to CFTR modulator initiation was 6 (1,7) months and postmodulator initiation was 6 (6,8) months. Median HbA1c prior to modulator initiation = 5.2% (5.0,5.5), and postmodulator initiation HbA1c = 5.4% (5.1,5.6); p=NS. The two participants with CFRD were on basal insulin only (glargine ˜0.1 u/kg/d) pre‐ and post‐ivacaftor/lumacaftor. Mean glucose, peak glucose, time spent \>140 mg/dL and glycemic variability (as measured by standard deviation) were not significantly different before and after ivacaftor/lumacaftor, although there were trends toward less hyperglycemia post‐treatment, particularly in mean overnight glucose (Table).

**Conclusions:** CGM changes in this small pilot study were not statistically different pre/post ivacaftor/lumacaftor, although trends toward decreased hyperglycemia were noted. Recruitment into this study is ongoing.

**CGM measures before and after ivacaftor/lumacaftor treatment**
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\*All data presented as median (25th%ile,75th%ile)

**651**

**CLINICAL IMPACT OF IMPAIRED GLUCOSE TOLERANCE IN CHILDREN AND ADOLESCENTS WITH CYSTIC FIBROSIS**

[Finocchiaro, J.A.]{.ul} ^1^; Reinoso, A.^1,2^; Massa, S.^1^; Pietropaolo, G.^1^; Fasano, M.V.^3^; Fernández, A.^1^; Balbi, V.^1^; Diez, G.^1^ *1. Sor María Ludovica Children Hospital, La Plata, Buenos Aires, Argentina* *; 2. Argentine Pediatric Society (SAP), CABA, Buenos Aires, Argentina* *; 3. Pediatric Research Institute (IDIP), La Plata, Buenos Aires, Argentina*

**Introduction:** Cystic fibrosis‐related diabetes (CFRD) is a frequent comorbidity that produces impacts on pulmonary function (PF) and nutritional status (NS) which can be detected 3 to 6 years previous to diagnosis. Impaired glucose tolerance (IGT) defined as a fasting glycemia (FG) \<126 mg/dL and 140‐199 mg/dL 2 hours after administration of glucose on an oral glucose tolerance test (OGTT), correlates with lower PF and poorer NS, although it is not clear whether these can be tracked retrospectively. Other glucose tolerance alterations such as indeterminate (INDET) category (normal FG and 2 hour, with values over 200 mg/dL during the test) can be detected by a complete OGTT. We hypothesized that patients with IGT and INDET have worse PF and NS and that these are present previously to the detection of the alteration.

**Objective:** To assess glucose tolerance in a group of children and adolescents with cystic fibrosis (CF) followed at a CF center and the retrospective association with PF and NS data.

**Methods:** Patients 8‐18 years old were referred for complete OGTT. They were divided into 4 groups according to glycemic status (normal, CFRD, IGT and INDET). Retrospective data on PF (FEV~1~ percent predicted (FEV~1~ %) and absolute (FEV~1~a) values) and NS (Z‐score BMI) at the moment of the test (0), one (‐12), two (‐24) and three (‐36) years previous were collected from records as well as sex, age, CF mutations and bacteriology. Shapiro‐Wilk test was used to evaluate normality of variables, and parametric or nonparametric tests to compare means.

**Results:** 34 patients were recruited from May 2015 to April 2016, 23 male (67, 6%); mean age 12.71± 2.86 y; homozygous F508del: 11 (32.4%), heterozygous F508del:16 (47%). Three patients (9%) were pancreatic sufficient (PS). Four patients were diagnosed with CFRD (11.8%), 16 normal (47%), 10 IGT (29.4%) and 4 INDET (11.8%). There were no significant differences in sex, age, bacteriology or CF mutations between groups. No significant differences were found in FEV~1~% between normal and IGT at 0, ‐12, ‐24 or ‐36, but FEV~1~a values were significantly different at ‐24 and ‐36 (p=0.01/p=0.049). Significant difference in Z‐score BMI was found between normal and IGT at ‐24 and ‐36 (p=0.024/p=0.008), which persisted after the 3 PS patients were excluded (p=0.045/p=0.017), and almost reach significant difference at 0 and ‐12 (p=0.05/p=0.055). In the comparison within groups, significant differences were found in FEV~1~% at 0 vs. ‐12 (77.67 ± 27.49 vs 89.92 ± 29.60, p=0.013) and Z‐score BMI at 0 vs. ‐12 (‐1.22 ± 1.82 vs ‐0.59 ± 1.45, p=0.005) only in the IGT group.

**Conclusion:** IGT subjects deteriorated in their PF and NS in the year previous to the diagnosis and had a worse NS compared with the normal group. Differences in PF between groups were inconsistent, probably due to the small sample size. Complete OGTT allowed us to detect INDET subjects to follow them prospectively.

**652**

**PULMONARY AND NUTRITIONAL OUTCOMES IN YOUTH WITH CYSTIC FIBROSIS‐RELATED DIABETES BEFORE AND AFTER DIAGNOSIS AND INSULIN TREATMENT ‐ A CENTER EXPERIENCE**

[Chan, C.L.]{.ul}; Wagner, B.; Vigers, T.; Towler, E.; DeVoogd, R.; Hoppe, J.; Martiniano, S.L.; Zemanick, E.; Sagel, S.D. *Pediatrics, University of Colorado, Aurora, CO, USA*

**Background:** We previously reported increased CFRD screening (25% to \>75%) as well as increased diagnoses of CFRD (10% to 23%) at our center from 2010‐2015.

**Objective:** To determine changes in BMI z‐score, FEV1%, and FVC% in patients diagnosed with CFRD before and after diagnosis and insulin start.

**Methods:** Data from 2010‐2015 were extracted from our local CF database to determine the number of youth diagnosed with CFRD during this time frame. Patients were diagnosed with CFRD by oral glucose tolerance testing (FPG ≥126 mg/dL or 2h glucose ≥200 mg/dL) or persistent hyperglycemia ≥200 mg/dL during hospitalizations. Data were analyzed to determine slope of BMI%, FEV1%, and FVC% 6 months before and after an inflection point, defined as date of insulin start or CFRD diagnosis (a subgroup of patients were never started on insulin for varying reasons). Mixed models were fit to BMI z‐score, FEV1% predicted and FVC% predicted to evaluate changes in slopes before and after start of insulin or CFRD diagnosis (in those not on insulin). Age at diagnosis, sex, and ivacaftor/lumacaftor therapy were included as covariates. Random coefficients were included for subjects\' specific intercepts and slopes pre/post inflection points.

**Results:** A diagnosis of CFRD was made in 50 youths, 21 (42%) male, 47 (94%) F508del/F508del or F508del/other. BMI z‐score, FEV1%, and FVC% of those started on insulin (62%) were compared to those not on insulin. There were no differences in the demographics between those on insulin vs those not on insulin. Model estimates for the slopes of the BMI z‐score were no different between those started vs not started on insulin prior to (0.01 (0.03) vs ‐0.04 (0.04), p=0.33) and after inflection (‐0.15 (0.1) vs ‐0.25 (0.1), p=0.56). Slope of FEV1% predicted prior to inflection was no different between those started vs not started on insulin (‐0.9 (0.6) vs ‐1.8 (0.9) p=0.43), but after inflection, those on insulin had less steep decline in FEV1% compared to those not on insulin (‐2.4 (0.9) vs ‐5.8 (1.6), p=0.05). As a covariate, ivacaftor/lumacaftor significantly shifted the average BMI z‐score 0.17 (0.1), p=0.02, but gender and age at diagnosis were not associated.

**Conclusions:** Youth diagnosed with CFRD continue to exhibit declines in BMI z‐score, FEV1%, and FVC%. Insulin treatment, however, was associated with a trend in slower FEV1% decline.

**653**

**OSTEOPENIA AND OSTEOPOROSIS IN CYSTIC FIBROSIS; LOW BONE MINERAL DENSITY AND ASSOCIATED FACTORS**

[Mathiesen, I.H.]{.ul} ^2^; Pressler, T.^2^; Oturai, P.^1^; Katzenstein, T.^2^; Skov, M.^2^; Frikke‐Schmidt, R.^3^; Hitz, M.^4^ *1. Dept. of Clinical Physiology and Nuclear Medicine, Rigshospitalet, Copenhagen, Denmark* *; 2. CF Centre, Rigshospitalet, Copenhagen, Denmark* *; 3. Dept. of Clinical Biochemistry, Rigshospitalet, Copenhagen, Denmark* *; 4. Dept. of Endocrinology, Koege Hospital, Koege, Denmark*

**Background:** CF patients are at increased risk of osteoporosis. Despite daily cholecalciferol supplementation of 1600 IU, vitamin D levels are often inadequate (\<75 nmol/L). Vitamin D (25OHD) is important for bone health. In the general population it increases bone strength and reduces fracture risk.

**Objective:** To determine the prevalence of osteopenia and osteoporosis and bone metabolic status from BMD in the Copenhagen cystic fibrosis population and evaluate calcium metabolism, prevalence of decreased 25OHD levels and its importance for bone health.

**Methods:** Retrospective cross‐sectional study of CF patients attending the Copenhagen Cystic Fibrosis Centre. Inclusion criteria: all adult nonlung transplanted patients \>19.9 years of age, who had at least one DXA scan performed at Rigshospitalet between 2010 and 2015. Latest DXA scan results for spine and femoral BMD, T‐ and Z‐scores were collected. Anthropometric, biochemistry and clinical data from the same year as DXA scan were extracted from the Danish CF Registry. Correlation analyses were performed using *Pearson\'s r*, and stepwise multivariate linear regression (MLR) was performed to identify factors associated with BMD and Z‐scores.

**Results:** 125 patients (62 women) were included in the study. Median (IQR) age was 32.1 (24.6‐39.1), BMI 22.1 (19.8‐24.1), Z BMI ‐0.2 (‐1.2‐0.46) and median percent predicted FEV1 (%FEV1) 65.6 (50.4‐83.5). 90 patients were homozygous for the *F508del* mutation and 121 were pancreatic insufficient (defined as taking PERT). BMD was normal in 73 patients (58%) (WHO criteria), 32 (27%) patients had osteopenia and 19 (15%) patients had osteoporosis. Median 25OHD level was 49.5 nmol/L (32‐71). Median serum PTH, phosphate, calcium and magnesium were all within normal range. In univariate correlation analysis %FEV1 and Z BMI correlated to both spine BMD: r=0.49, p\<0.001, r=0.5, p\<0.001, respectively, and femoral bone BMD: r=0.41, p\<0.001 and r=0.51, p\<0.001, respectively. PTH correlated negatively but weakly with femoral bone BMD, r=‐0.22, p= 0.02 while 25OHD did not correlate significantly at any bone site. Z‐scores in spine and femoral bone correlated positively with %FEV1 and Z BMI. PTH and age correlated negatively to femoral bone Z‐scores.

Stepwise MLR analysis contained the variables %FEV1, Z BMI, calcium, PTH, CFRD and gender. Z BMI, %FEV1 and CFRD were independently associated to femoral bone BMD, adjusted R^2^=0.33, while only Z BMI remained significantly associated with spine BMD, adjusted R^2^=0.25. Spinal Z‐score was independently associated to %FEV1 and male gender, however adjusted R^2^ was only 0.14. CFRD, %FEV1 and male gender independently predicted femoral bone Z‐score, adjusted R^2^=0.27.

**Conclusion:** Osteopenia and osteoporosis are common and were present in nearly 50% of the adult CF population. Median 25OHD levels were below recommended values. Clinical parameters associated with worse health outcome in CF (low %FEV1, low Z BMI and CFRD) were associated to decreasing BMD and Z scores.

**654**

**SNAPSHOT OF PEDIATRIC PATIENTS WITH CF‐RELATED DIABETES AT THE TIME OF DIAGNOSIS**

[Moonnumakal, S.P.]{.ul}; George, C.; Poole, A.L. *Pediatrics‐Pulmonary, Baylor College of Medicine, Houston, TX, USA*

**Background:** Cystic fibrosis‐related diabetes (CFRD) is a common complication of cystic fibrosis (CF). CFRD differs from type 1 and type 2 diabetes in pathophysiology, diagnosis, and treatment. The likelihood of a CFRD diagnosis increases with age, affecting 20% of adolescents and 40‐50% of adults. Patients with CFRD are more likely to have poor nutritional outcomes, decreased lung function, and decreased survival. Presently, clinical care guidelines outline diagnostic criteria and management for CFRD. However, there remains a paucity of data characterizing the population at the time of diagnosis, particularly since the advent of more aggressive screening in the 2010 guidelines. The objective of the study was to provide an in‐depth descriptive analysis of pediatric CF patients at the time of diagnosis.

**Methods:** We performed a retrospective chart review of all current pediatric CF patients diagnosed with CFRD at the Baylor College of Medicine CF Center in Houston, TX. Exclusion criteria were patients without diagnostic information available and prior lung transplantation. Screening of patients occurred according to current guidelines. Patients diagnosed with impaired glucose tolerance were not considered for this study. Demographic and clinical data were obtained from time of diagnosis. Descriptive statistical methods were used to analyze data.

**Results:** Of 345 pediatric patients at the center, 34 pediatric patients had a diagnosis of CFRD. Four patients were excluded due to lack of clinical data from the time of diagnosis; thus, 30 patients were analyzed in the study. The mean age of diagnosis was 12.3 years, but 27% (n=8) were diagnosed \<10 years of age. The male/female ratio was 57%/43%. The racial breakdown was 60% Caucasian, 27% Hispanic, 3% African‐American, and 10% Other. Socioeconomic status, categorized by insurance type, was 40% Private, 50% Medicaid/CHIP, and 10% Other. At least one F508del mutation was present in 93% of patients while 67% were homozygous F508del. At the time of diagnosis, the mean BMI was 39%ile, and the mean FEV1 was 73% predicted. Diagnosis occurred in the outpatient setting with annual screening labs 43% of time, whereas 57% were diagnosed during inpatient hospitalization. Two‐hour oral glucose tolerance test (OGTT) was diagnostic for 50% of the patients. Of these, only 13% had fasting plasma glucose (FPG) ≥126 mg/dL while 87% had 2‐hour OGTT glucose ≥200 mg/dL. The mean FPG was 101 mg/dL while the mean 2‐hour OGTT glucose was 255 mg/dL. Casual blood sugar ≥200 mg/dL was diagnostic for 47% of the patients, with a mean diagnostic glucose of 363 mg/dL. A single patient unable to perform OGTT was diagnosed by screening HbA1c. The mean HbA1c at time of diagnosis for all patients was 6.5%. Insulin was required at the time of CFRD diagnosis for 87% of the patients.

**Conclusions:** Pediatric patients with CFRD have unique characteristics. More than ¼ of patients were diagnosed ≤10 years old, the recommended age of screening. Of patients diagnosed with CFRD, a high percentage had either one or two F508del mutations. More patients were diagnosed in the inpatient setting than outpatient setting via annual screening labs. Elevated casual blood sugar was diagnostic almost as often as OGTT. Most patients required insulin at the time of diagnosis.

**655**

**IS THE CONTINUOUS GLUCOSE MONITORING SYSTEM IN CHILDREN A MORE SENSITIVE SCREENING TOOL FOR CYSTIC FIBROSIS‐RELATED DIABETES THAN THE ORAL GLUCOSE TOLERANCE TEST**

[Fox, R.]{.ul} ^1^; Claydon, A.^2^; Ahmed, M.I.^2,3^; Tziaferi, V.^4^; Gaillard, E.^3,2^ *1. University Hospitals of Leicester NHS Trust, Leicester Nutrition and Dietetic Service, Leicester, United Kingdom* *; 2. University Hospitals of Leicester NHS Trust, Paediatric Respiratory Medicine, Leicester, United Kingdom* *; 3. NIHR Leicester Respiratory Medical Research Unit, University of Leicester, Dept of Infection, Immunity and Inflammation, Institute for Lung Health, Leicester, United Kingdom* *; 4. University Hospitals of Leicester NHS Trust, Leicester Children\'s Diabetes Team, Leicester, United Kingdom*

**Objectives**: The prevalence of CF‐related diabetes (CFRD) is estimated to be 20% in adolescents and 40‐50% in adults. Often CFRD is first seen during acute pulmonary exacerbations, steroid therapy, or when enteral feeding is commenced. Onset of CFRD is often asymptomatic, however, other clinical markers are frequently noted, such as weight loss or a decline in lung function. The oral glucose tolerance test (OGTT) is the gold standard for diagnosis of CFRD in patients over 12 years in the UK, local policy is to start screening for CFRD at age 10 years using OGTT. Continuous Glucose Monitoring **(**CGMS) measures subcutaneous interstitial glucose levels continuously, and this test has recently been introduced at our center if clinical concern regarding unexplained deterioration of weight and lung function is raised. The aim of this study was to review the incidence of CFRD using CGMS to diagnose CFRD in comparison to OGTT.

**Methods**: Review of CGMS and OGTT data for all patients tested as part of annual review over the last 12 months at our center. CGMS excursions and 2‐hour OGTT results were compared to the World Health Organisation Classification as normal \<7.8mmol/L, impaired 7.8‐11.1mmol/L and CFRD \>11.1mmol/L.

**Results**: There were 22 children with CF (9 male) aged 10‐18 years included, 5 of these also had CGMS due to clinical concern. Of the 5 children who completed CGMS in the last year, 1 patient was diagnosed with CFRD from their CGMS, and 4 with impaired glucose tolerance. The child diagnosed with CFRD by CGMS would not have been identified by OGTT. Only 1 of 4 patients identified with impaired glucose tolerance by CGMS, would have been diagnosed using OGTT, and the level was borderline at 7.8mmol/L; only 1 of 22 children had an OGTT that was not normal. Furthermore, 4 patients had asymptomatic hypoglycaemia diagnosed, 2 of these had a one‐off low value on CGMS, and 2 had low 2‐hour OGTT readings.

**Conclusion**: CGMS was well tolerated by all children. Results show that CGMS diagnoses glycaemic abnormalities more frequently in patients identified with clinical concern compared to OGTT. Earlier screening of CFRD using CGMS may identify glycaemic abnormalities earlier, which may prevent the clinical decline of patient before CFRD occurs.

**656**

**THE IMPORTANCE OF ALPHA: DEFINING THE ROLE OF GLUCAGON IN CYSTIC FIBROSIS‐RELATED DIABETES**

[Goldsweig, B.K.]{.ul} ^1^; Sherr, J.L.^1^; Egan, M.E.^1^; Koff, J.^2^; Weinzimer, S.A.^1^ *1. Pediatrics, Yale University School of Medicine, New Haven, CT, USA* *; 2. Medicine, Yale University School of Medicine, New Haven, CT, USA*

**Introduction:** Cystic fibrosis (CF)‐related diabetes (CFRD) is one of the most common and severe complications of CF. Hyperglycemia is associated with increased morbidity and mortality while effective blood sugar control improves lung function, weight maintenance and overall health in individuals with CF. While insulin deficiency due to pancreatic β‐cell destruction is a well‐known contributor to CFRD, the role of glucagon, produced by pancreatic α‐cells, has not been well characterized. Dysregulated glucagon secretion may contribute to overall glucose intolerance in CF, as it does in type 1 diabetes (T1D). Therefore the present study seeks to characterize glucagon responses to a standardized mixed meal challenge in subjects with CF. These data will be critical in understanding the basic pathophysiology of CFRD and in developing novel therapeutic options in managing CFRD.

**Methods:** A cross‐sectional study of stimulated glucagon responses in a convenience sample of individuals with CF across the spectrum of glucose tolerance (normal, impaired, and consistent with CFRD) was performed. Individuals with CF between the ages of 12 and 45 years underwent an oral glucose tolerance test (OGTT) and a mixed meal tolerance test (MMTT). Data were compared to historical data of glucagon responses to MMTTs in healthy controls and subjects with T1D.

**Results:** MMTTs have been performed in 6 subjects with CF to date. The mean age was 20.3 years. The mean A1c was 6.7 % with 2 subjects meeting criteria for CFRD. Glucose, C‐peptide and glucagon responses to MMTTs are shown (Figure). Mean peak rise in C‐peptide was 3.78 ng/mL and the mean peak rise in glucagon level was 20.73 pg/mL. There is a positive correlation between peak rise in C‐peptide and peak rise in glucagon levels. Two subjects demonstrated a rise in glucagon in response to incidental hypoglycemia that occurred during the MMTT.

**Conclusions:** Our preliminary findings demonstrate preserved glucagon secretion to mixed meals in individuals with CF. Thus far, we have not identified hypoglucagonemia, as would be expected with indiscriminate destruction of pancreatic cells, although the correlation between peak C‐peptide and glucagon suggests loss of glucagon reserve may parallel C‐peptide loss. Hyperglucagonemia in response to mixed meals, as seen in subjects with T1D, was not present in these 6 subjects. Additional subjects are needed to further verify our preliminary findings.

Supported by: Cystic Fibrosis Foundation (WEINZI15AO).
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**657**

**PREDIABETES AND REDOX IMBALANCE IN YOUNG CHILDREN WITH CF**

[Hunt, W.R.]{.ul}; Guentert, D.E.; Brown, L.S.; Stecenko, A. *Emory+Children\'s Center for CF and Airways Disease Research, Atlanta, GA, USA*

**Background:** The onset of cystic fibrosis‐related diabetes (CFRD) is associated with accelerated decline in lung function and ultimately an increase in mortality. Despite these effects on health outcomes, relatively little is known about the underlying mechanisms involved in the development of CFRD. However, it is known that the onset of CFRD is not abrupt, but rather is preceded by a period of prediabetes (CFPreD) that can last for several years. We have found that teens and young adults with CFPreD and CFRD have systemic redox imbalance to the oxidizing state and that glucose administration significantly worsens this imbalance. We therefore set out to determine whether young children with CF demonstrated evidence of abnormal glucose homeostasis and had similar derangements in redox imbalance that could be implicated in the development of CFRD.

**Methods:** Clinically stable CF children ages 2 to 8 years old with class I‐III CFTR mutations and healthy controls (Ctrl) of the same age were recruited to undergo an oral glucose tolerance test (OGTT). Following an overnight fast, subjects ingested 1.75 g/kg of an oral glucose solution. Plasma levels of glucose (Glu), cysteine (CyS), cystine (CySS), reduced and oxidized glutathione (GSH and GSSG) were measured before and 2 hours after Glu ingestion. Redox measures were done using high‐performance liquid chromatography. Redox potentials (EhCyS, EhGSH) were determined utilizing the Nernst equation. Data are expressed as means ± SD.

**Results:** A total of 19 subjects (CF *n*=17, Ctrl *n*=2) were recruited. Of CF patients, 13 had normal fasting and 2‐hour Glu levels (CFNGT 76.5%) and 4 had prediabetes (CFPreD 23.5%). All 4 CFPreD had normal fasting Glu, but elevated 2‐hour Glu levels between 140 and 199 mg/dL. The 2 Ctrl had normal OGTT results. Thus, the CFPreD patients had higher Glu at 2 hours (CFPreD 158±15 mg/dL, CFNGT 99±21 mg/dL, Ctrl 101±17 mg/dL, *p*\<0.05). There were no differences between CFNGT and CFPreD in terms of sex, age, BMI, pancreatic insufficiency and *Pseudomonas* colonization. Plasma EhCyS potentials were impressively oxidized at baseline in CFPreD patients (‐65 ± 9.6 mV). Two hours following an OGTT, controls and CFNGT also demonstrated a more oxidized plasma EhCyS. All groups demonstrated trends towards reduced total CyS following OGTT. Both CFNGT and CFPreD demonstrated trends towards more oxidized EhGSH at baseline as well.

**Conclusions:** This study shows the commonness of impaired glucose metabolism (23.5%) among clinically stable CF children who are younger than the age recommended for routine screening for CFRD. We also demonstrate that impressive systemic oxidation occurs in CFPreD patients at baseline. Surprisingly, the Ctrls and the CFNGT became oxidized in response to a glucose challenge. Taken together with our data in CF teens and young adults, these preliminary data are leading us to the concept that toddlers and young children can have acute systemic redox imbalance to the oxidized state when ingesting the simple sugar, glucose. Furthermore, because of loss of CFTR function, this acute imbalance may become chronic, pushing the patient along the continuum of CF prediabetes and ultimately CFRD.

Support: CFF Grant (STECEN13A0).

**658**

**INTERMITTENT VERSUS CONTINUOUS INSULIN REGIMENS IN PATIENTS WITH CFRD**

[Culhane, S.]{.ul} ^1^; Reynolds, A.^1^; George, C.^1^; Das, S.^2^ *1. Texas Children\'s Hospital, Houston, TX, USA* *; 2. Pediatrics, Baylor College of Medicine, Houston, TX, USA*

**Background:** Cystic fibrosis‐related diabetes (CFRD) is a known comorbidity in some patients with cystic fibrosis. Research has shown that early intervention for CFRD patients with insulin therapy can improve clinical outcomes including lung function and nutritional status. Intermittent insulin therapy can be used to treat patients with a positive screening for CFRD who have intermittently elevated blood glucose levels. However, little is known on whether this practice can produce positive outcomes for patients. In our center we sought to evaluate the clinical differences in nutrition status, lung function and demographic information of patients treated with chronic insulin therapy (pump or intensive insulin management) and compared to those treated with intermittent insulin therapy.

**Methods:** In a cross‐sectional retrospective review of our institution, 34 patients were identified with diagnosed CFRD. Patients were excluded if they had undergone lung or liver transplant (n=5), or if they had incomplete data for the past year (n=5). Patients were divided into groups: Group 1 consisted of patients on a chronic insulin regimen or on continuous infusion insulin (insulin pump); group 2 consisted of patients on intermittent insulin. Baseline variables included gender, age at diagnosis and patients with ABPA (as these patients were previously on steroids). Comparisons were made between the two groups with regards to BMI z‐scores, mean HbA1c over the past year, and best FEV1 for each patient during the preceding year. Statistical analysis was done using unpaired t‐tests. Correlation between BMI‐ FEV1 and FEV1‐HbA1c were evaluated using linear regression analysis.

**Results:** No differences were seen between the two groups with regards to gender, age at diagnosis of CFRD, or ABPA status. Patients on intermittent insulin regimens were more likely to have private insurance (p=0.048), and a lower mean HbA1c score (p=0.043). Patients on chronic insulin regimens or continuous infusion insulin were noted to have a higher BMI (z score ‐0.667 vs ‐1.36, p=0.014). (See Table). As expected, there was a direct correlation between BMI status and FEV1 in our patients. No correlation was seen between HbA1c and BMI.

**Conclusions:** Intermittent insulin is sometimes used in treatment of patients with CFRD with intermittently high glucose. Our data demonstrate a significantly higher BMI in patients on chronic insulin therapy, when compared to intermittent regimens. Although intermittent insulin regimens are considered, this study suggests their use may not be as beneficial as use of chronic insulin in maintaining nutritional status.
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**659**

**LEAN BODY MASS DEFICITS AND GLUCOSE TOLERANCE IN CYSTIC FIBROSIS**

[Sheikh, S.]{.ul}; Kelly, A.; Rubenstein, R.C. *The Children\'s Hospital of Philadelphia, Philadelphia, PA, USA*

**Objectives:** Cystic fibrosis‐related diabetes (CFRD) is associated with worse cystic fibrosis (CF) outcomes including lower body mass index (BMI). Lean body mass (LBM) deficits arising from hypoinsulinemia are suspected to at least partially mediate worsening pulmonary function, and we recently demonstrated that LBM is even more strongly associated with pulmonary function than BMI. However, changes in body composition in CFRD have received limited attention.

**Hypothesis:** Worsening glucose tolerance as reflected by oral glucose tolerance test (OGTT) is associated with LBM deficits.

**Methods:** In this pilot study, dual‐energy x‐ray absorptiometry (DXA) scans were performed in children and young adults with pancreatic‐insufficient (PI) and pancreatic‐sufficient (PS) CF undergoing routine OGTT screening while in their usual state of health. Subjects were enrolled across the spectrum of glucose tolerance; normal glucose tolerance (NGT) defined as 1‐hour plasma glucose (PG1) \< 150 mg/dL and 2‐hour PG (PG2) \< 140; indeterminate (INDET), PG1 ≥150 and PG2 \< 140; impaired (IGT), PG2 ≥ 140 and \< 200; CFRD, PG2 ≥ 200). Sex‐ and age‐adjusted LBM index and fat mass index Z scores (LBMI‐Z and FMI‐Z, respectively) were generated using contemporary reference data.

**Results:** Data were available for 26 subjects (12M/14F; 2PS/24PI; 8NGT/8INDET/8IGT/2CFRD‐‐CFRD was being managed clinically with diet modification alone) of median (min‐max) age: 18y (9‐39), BMI‐Z: 0.38 (‐1.2‐1.35), FEV1%‐predicted: 96 (61‐129), LBMI‐Z: ‐1.1 (‐2.5‐0.7), and FMI‐Z: ‐0.3 (‐1.6‐0.7). LBMI‐Z was negatively associated with PG2 (β‐coefficient ‐0.004, CI: ‐0.01‐ ‐0.0002, p=0.04) but the strength of the association was lessened with adjustment for age (p=0.09). While LBMI‐Z was associated negatively with PG1, the association did not reach significance (β‐coefficient ‐0.003, CI: ‐0.008‐ 0.002, p=0.3). The two "diet‐controlled" CFRD participants had lower LBMI‐Z (‐1.9 and ‐2.5) compared to other groups (partial β‐coefficient ‐1.3, CI: ‐2.7‐ 0.7, p=0.05) and appeared to have higher FMI‐Z (0.7 and 0.1) although this did not reach significance (partial β‐coefficient 0.6, CI: ‐0.4‐ 1.6, p=0.25).

**Conclusions:** These preliminary data suggest that body composition differences are associated with abnormalities of glucose tolerance and CFRD and that specifically LBMI‐Z is jeopardized in individuals with CFRD. The extent to which insulin therapy prevents or reverses these LBM deficits needs further exploration.

**PSYCHOSOCIAL/BEHAVIORAL**

**660\***

**"YOU WOULDN\'T KNOW I HAVE CF": SOCIAL ISOLATION AND CONNECTION AMONG YOUNG ADULTS WITH CYSTIC FIBROSIS**

Toth, C. *Social Work, Kutztown University, Kutztown, PA, USA*

Historically, individuals living with cystic fibrosis (CF) would gather strength and support by attending summer camps, community events, and support groups. However, medical guidelines recommend stringent separation of individuals with CF to reduce the risk of cross‐infection. This study seeks to examine the impact of these recommendations on the social experiences of young adults with CF. A qualitative, exploratory, grounded theory approach was employed to understand the experience of young adults living with CF, with specific emphasis on the impact of social isolation on their lives. Semi‐structured individual interviews were conducted with ten young adults aged 18 -- 25 diagnosed with CF. An interview guide was used to elicit information about how individuals with CF understand, experience, and perceive social isolation from others with CF, ways in which they experience isolation, and the impact isolation has on their medical and psychosocial development. Interviews were digitally recorded, transcribed verbatim, and coded using grounded theory\'s constant comparative method. Analysis identified the importance of social connection and isolation as a common theme supported by participant\'s level of connection with others. Participants struggled to define normal in their daily lives. Increased practitioners\' awareness of ways to support young adults with chronic illness to engage with the CF community may improve health and mental health outcomes.

**661\***

**DEVELOPMENT AND IMPLEMENTATION OF A CF CAREGIVER SUPPORT GROUP**

[Miller, J.L.]{.ul}; Moore, S. *Pulmonary, Cincinnati Children\'s Hospital Medical Center, Cincinnati, OH, USA*

**Background/Objective:** Caregivers of children with CF have limited opportunities to connect due to infection control precautions. At our CF center, several caregivers expressed interest in a parent support group. No group existed within a reasonable distance, so it was decided to explore the development of such a group. This abstract describes the development, implementation and evaluation of this group.

**Method:** Input from an interdisciplinary focus group was collected and surveys sent to parent e‐mail addresses (paper surveys went to all households with no e‐mail on file, about 190 total) to gauge interest and preferences for days/times and topics/format. 29 total responses were collected. 89.66% of respondents indicated they would be interested in a support group. 48% indicated they would prefer the group to be held weekday evenings or weekend days, and 74% indicated the frequency of meetings should be bimonthly or quarterly. The survey also explored topics of interest to respondents. Financial support through the pulmonary div. was secured and invitations were sent to families via postal service and Evite. To date, 5 group meetings have occurred. A meal is shared at each meeting. Virtual attendance using GoToMeeting was also offered and used by participants for the first meeting. Attendance ranged from 6 ‐14 participants. Topics for each meeting were as follows: Life After Diagnosis/Stages of Grief, School and CF, Childcare and CF, and Stress and Relaxation. Based on group feedback, the location and timing were adjusted to accommodate their preferences. Groups are now on Friday evenings, bimonthly, from 7‐ 8:30pm.

**Results:** Participants were asked to complete evaluations after each group and respond using a Likert scale to these statements: Participating in the group has been beneficial to me; I feel more connected to other parents of children with CF than I did before this group; I feel more emotionally supported than I did before this group; and, I learned something from this group that will help me with my everyday life. Participants were also asked to respond to open‐ended questions about what they found to be most helpful about the group, what they might change, and ideas for future meetings. Evaluation results (average of all group evaluations) reveal that 98% of participants strongly agree/agree that participating in the group was beneficial. 97% strongly agree/agree they feel more connected to other parents of children with CF. 90% strongly agree/agree to feeling more emotionally supported than before the group. 82% strongly agree/agree that they learned something from the group that will help in their everyday life. Participant responses to what they found to be most helpful about the group centered on 4 major themes: feeling that they are not alone, gaining hope for the future, the act of connecting to other parents, and practical information.

**Conclusion:** Caregivers who participated in the group found it to be beneficial, and most participants left each group feeling more connected to peers, more emotionally supported, and with information that they could use in their everyday life. Participation in the group has been somewhat low, so the idea of reaching out to families via a closed Facebook group with social workers as administrators is being explored.

**662\***

**BRIDGING THE GAP CONNECTING CYSTIC FIBROSIS CAREGIVERS**

[Wortham, L.]{.ul}; Guthrie, C.; Taskar, V.; Rodgers, S. *Cystic Fibrosis, UT Health Northeast at Tyler, Tyler, TX, USA*

**Objective**: The demanding care that patients with cystic fibrosis (CF) need often impacts emotionally on their caregivers; social isolation among families of CF patients has been described with its resultant negative impact on family dynamics and ultimately adherence in the CF patient; observing some of these behavioral patterns in our patient population, we perceived the need for a caregiver group. The logistics of establishing this group, what we achieved and our challenges are presented here.

**Methods:** The CF center at UTHSCT is a combined pediatric -- adult program comprising about 30 pediatric and 75 adult patients with CF. We are a semirural center with patients travelling, on an average, 1 ‐ 6 hours. The target population was broadly chosen to include families, friends, parents of newly diagnosed patients, parents of patients that are newly transitioning from pediatrics to adult, and any individual playing an important supportive role in a CF patient\'s life. The social worker sent out a survey to determine how many caregivers would be interested in participating in the support group. After obtaining the responses, a venue was selected. The content, structure and frequency of the meetings evolved over the last 3 years.

**Results:** A total of 95 surveys were distributed to the CF patients, only 10 caregivers responded positively to become involved in the caregivers group. On average the participation for the caregiver\'s group ranges from 4 to 10 participants. The group dynamics of the caregivers\' support group consisted of mothers/fathers of pediatric and adult patients, spouses of adult patients, friends of cystic fibrosis patients, and coordinator of the local chapter of the Cystic Fibrosis Foundation; funding source came from the volunteer services and education day; the venues chosen were on neutral ground away from the CF clinic. A bimonthly correspondence to participants was sent via email, flyers in the clinic, flyers mailed to all the CF families, text messaging and Facebook. Meetings last for 2 hours. We polled members on ideas for the meetings. In the survey 80% of members preferred an unstructured versus structured meeting. 83% of the caregivers groups are unstructured meaning caregivers are able to come and socialize or vent frustrations and worries to other caregivers. 17% of the meetings are structured meaning that there is an invited guest that comes to speak at the caregivers meeting. Coping methods; tried and true techniques; caregivers develop invaluable relationships with other caregivers and feel less isolated. These discussions are confidential and on issues of concerns of care the social worker encourages direct communication with the care team.

**Conclusion:** In conclusion, CF patients are often very dependent on caregivers and caregivers devote their entire lives to their patients. Caregivers have a wealth of knowledge and resources that can be shared with others especially when their own child may have grown or passed away. There is a need to share the everyday trials and tribulations of being the caregiver of a CF patient. Overall in the caregivers support group members laugh, cry and provide invaluable support to one another. This is a less formal forum than a patient/family advisory board that has its own value.

**663**

**IMPROVING PATIENT ADHERENCE TO COMPLEX MEDICAL REGIMENS THROUGH BLUETOOTH‐ENABLED TECHNOLOGY**

[Landon, C.]{.ul}; Turner, R. *Pediatric Diagnostic Center, Ventura County Medical Center, Ventura, CA, USA*

**Purpose:** Real‐world adherence to inhaled and oral therapies for cystic fibrosis (CF) patients remains discouragingly low,

ranging between 31‐53% for inhaled antibiotics. Programs to enhance adherence, including comprehensive

behavioral interventions with adolescents, have met with mixed success. Bluetooth‐enabled technology will allow for the advancement of patient medication adherence monitoring and intervention.

**Methods:** A proof‐of‐concept open‐label study was initiated to evaluate a systematic approach by linking treatment and feedback components utilizing the eRapid™ Nebulizer System (PARI), a bluetooth‐enabled medication delivery device equipped with eBase Controller with monitoring function with the Altera nebulizer handset. The device utilizes the QualComm Life2Net hub, to PARI server, to Amazon cloud, to RedCap data collection. CF clinic patients were screened by the multidisciplinary team and with the Moriskey Adherence Questionnaire (MAQ) for risk of poor adherence. The device was demonstrated and dispensed from clinic following baseline assessment of Pulmonary Exacerbation Score, pulmonary function, and mental health assessment.

**Results:** Pilot study ‐ Fourteen subjects age 8‐32 from the populations of 1) deliberate nonadherence, 2) cross‐cultural communication, 3) initiation of a complex regimen, and 4) use of a complex medical device. The device enabled our team to utilize this technology: as a clinic and hospital discharge kit to initiate medication, providing rapid feedback on utilization; use as part of a depression intervention with reward for adherence; for adherence bringing compliance in line prior to initiation of Orkambi; use as an " adherence booster" after the patient had regressed; and to test dispensing the medication delivery into another language and culture.

**Conclusions:** The device allows active engagement and discussion by the patient and provider of the treatment regimen. Date‐ and time‐stamped data allowed shared decision making in individualizing therapy for each patients schedule, creating a pathway towards cognitive behavioral therapy intervention. Weekly review of adherence is studied as a process, as opposed to the quarterly team review by patient recall and medication possession by refill data. This additional communication between the patient/family and CF team addresses the challenges of adhering to CF treatments collaboratively, avoiding miscommunication and misunderstandings about the treatment regimen. Self‐report measures of adherence were supplemented by real‐time data in conjunction with this additional measurement tool.

**Clinical Implications:** For large‐scale studies, the device has potential to replace pharmacy refill histories as the most feasible measure of adherence. The device can potentially replace Daily Phone Diaries or other EMA strategies (PDA assessment). The device provides highly accurate information that can be used in conjunction with other measures. The pilot study demonstrates that Electronic Monitors can become the "gold standard" because they can be integrated into delivery systems currently in place.

**664** **▴**

**PATIENT‐CENTERED DEVELOPMENT OF CYSTIC FIBROSIS CAREMESSAGE**

[Landon, C.]{.ul}; Papador, J.; Turner, R. *Ventura County Medical Center, Ventura, CA, USA*

**Purpose:** Cystic fibrosis (CF) requires treatment with complex medical regimens and specialized diets. Adherence to these treatment plans remains discouragingly low, with a rate ranging between 31‐53% for inhaled antibiotics. Educational programs are being developed to increase the knowledge, attitudes and practices of patients, providers and caregivers. Patients are the ultimate users of healthcare research findings and the most important stakeholders. We engaged patients in all research steps: preparation of research (agenda formulation, funding procurement), execution of research (study conduct, data analyses) and the translation of results into action.

**Methods:** CareMessage (CM) is a text messaging service that utilizes a database of questions and statements to send messages to a designated population, and to send prewritten feedback based on the responses given. The CFCM database can be uniquely modified to create a program targeting a given group or individual participant that the messages will be sent to. The IRB reviewed assent and consent issues. A focus group, consisting of patients, their parents and their CF team, was used to identify the greatest learning needs of our targeted populations and consulted in clinic during their CF team visits and out of clinic using SurveyMonkey. The CF team was consulted during a post‐clinic meeting. The CM programs for COPD and Diabetes were reviewed for messages that crossover into CF health.

**Results:** Based on the data collected from our patient population, the CF‐related topics that are most important to the needs of our patients include nutrition, exercise, disease information and adherence. Along with this educational portion of CM, patients requested appointment reminders for visits with the CF team, medication refills, daily medication reminders if adherence issues have emerged and the patient has agreed to this intervention, and notices of educational events. Enrollment into the program was requested during their visits with the CF team. Messages in the CFCM database will be catered to enhance education in these topics. CF team interview revealed a reluctance from providers to participate in smartphone educational programs via text message. Questions from COPD and diabetes programs (58) have been identified and integrated into the CF database.

**Conclusions:** Based on the need to increase adherence to CF treatments and the feedback that was received from the patients, the program will begin with messages relating to adherence. Adherence messages, taken from the Morisky Adherence Questionnaire, have been implemented into the CM system and are being sent to patients, giving another measure of patient adherence. A goal of 150 participants including patients, providers and caregivers has been set for the CFCM program.

**Clinical Implications:** The CFCM program has the potential to increase knowledge, attitudes and practices in CF health. This patient‐centered process has allowed a better understanding of patient\'s education needs. CM can also be used, in clinic, to send appointment reminders and receive confirmations from the patients for each visit. Patient engagement in the process has potential to enhance the quality of the research project (improving enrollment rates in studies, making studies more consistent with patients\' values, goals, and preferences).

**665**

**SO YOU THINK YOU CAN DANCE: PILOT TESTING OF EXERGAMING WITH YOUTH IN THE INPATIENT SETTING**

[Wilson, A.C.]{.ul}; Cusick, J.; Klein, B.; MacDonald, K.D. *Pediatrics, Oregon Health & Science University, Portland, OR, USA*

**Rationale:** At our hospital, inpatient stays for acute pulmonary exacerbations are 10‐14 days for 10‐17 year olds. Infection control policies designed to protect patients effectively confine patients to their room during their stay, which severely limits physical activity. Hospital stays are associated with depressed and anxious mood in children and adolescents. A systematic review found improved lung function with short‐term in‐hospital exercise, and exercise participation has been linked with improvements in mood in youth. The primary aim of the current study was to pilot test a self‐administered exergaming program during hospitalization (a Microsoft Xbox/Kinect game system, which uses whole‐body and limb movements). We hypothesized that the program would be feasible, as indicated by patient compliance with study procedures. A secondary aim was to compare youth who completed the exergaming protocol to an inpatient monitoring group on change in FEV1, physical activity levels, and psychological distress across the hospital stay.

**Methods:** Participants were youth with acute exacerbation ages 10‐17 (n=13) and their parents, who were consented upon admission. Exclusion criteria were baseline FEV1 \<50%, non‐English speaking, or developmental delay. Youth completed the exergaming intervention (n=8) or monitoring procedures (n=5) during their hospital stay. Youth in the exergaming condition were instructed to complete 2 hours of exergaming per day in their room. All youth underwent actigraphic monitoring via wrist‐mounted actigraphy device to objectively measure moderate and vigorous levels of physical activity, and completed an activity diary as well as ratings of positive and negative affect.

**Results:** Compliance with the exergaming program was high based on self‐report via activity diaries and review of actigraphy data. Compliance with wearing the actigraphic monitor was high, with wear time across groups at a mean of 21.00 hrs/day. Compliance with activity diary completion was moderately high, with youth completing at least one entry on 82% of days. Preliminary results show that the exergaming group reported lower negative affect and higher positive affect at discharge (p=.02), as well as more time spent in moderate to vigorous levels of physical activity, as measured by actigraphy (p=.07). Change in FEV1 was not significantly different in the groups, though the observed effect size was moderate (Cohen\'s d=.52). Parents and youth also provided positive qualitative feedback about the exergaming protocol.

**Conclusion:** The exergaming protocol appears to be feasible for use in the pediatric inpatient setting, and the exergaming program was viewed positively by participants. While a larger trial is needed, initial results are promising and suggest that a self‐guided exergaming intervention might be a useful way to provide inpatient exercise and improve hospital stays.

**666**

**THE IMPORTANCE OF DATA COMPLETENESS IN DETERMINING CENTRE‐LEVEL NEBULISER ADHERENCE RATES**

Hoo, Z.^1,2^; Curley, R.^2,1^; Campbell, M.^1^; Walters, S.^1^; [Wildman, M.]{.ul} ^2,1^ *1. ScHARR, University of Sheffield, Sheffield, South Yorkshire, United Kingdom* *; 2. Sheffield Adult CF Centre, Northern General Hospital, Sheffield, South Yorkshire, United Kingdom*

**Background:** Identifying high‐performing CF centres can drive learning and inform quality improvement, but outcomes such as FEV1 or exacerbations are insensitive to change at a centre level. Randomised controlled trials with adequate sample size have shown that maintenance inhaled therapies will result in various important outcomes such as improved FEV1 or decreased exacerbations. This allows adherence rates to inhaled therapy (a process measure) to be used as a quality indicator to identify highly performing centres.

Objective monitoring of adherence to inhaled therapy using chipped nebulisers suggests that median adherence in adults is only 36% (Daniels T, et al. Chest. 2011;140: 425‐32). However, these data are based on nebulisers brought to clinic and it is important to understand adherence rates in the nebulisers that are never brought to clinic.

**Aim:** To explore the effects of missing data on the nebuliser adherence rates of an adult CF centre.

**Methods:** This is a retrospective analysis of adherence data measured with the I‐neb nebuliser for both 2013 and 2014 in the Sheffield Adult CF Centre. Adherence is calculated as "normative adherence" (Hoo ZH, et al. Patient Prefer Adherence. 2016;10:887‐900) which takes into account a patient\'s characteristics when defining the minimum required treatment regime. People just on nonchipped devices for inhaled therapy, on ivacaftor or with previous lung transplantation were excluded. Every person had at least 3 months\' worth of adherence data.

Two potential causes of missing data were considered:

\(1\) I‐neb that was difficult to obtain for download (defined as people with data download \<3 months for a particular year, whose I‐neb was only downloaded in a subsequent year)

\(2\) people not using any forms of inhaled therapy who should have been according to their clinical characteristics (based on the definitions in Hoo ZH, et al.)

**Results:** 89/166 (53.6%) of adults in 2013 and 97/170 (57.1%) of adults in 2014 were using I‐nebs. For both 2013 and 2014, only measuring adherence from I‐nebs that were easily obtainable overestimated the overall centre adherence. Adherence rates fell further if people not on any inhaled therapy but their clinical characteristics suggested they should be on inhaled therapy were included in the overall estimate of centre adherence.

**Conclusions:** Nebuliser data were not missing at random. Adherence levels fell after including difficult‐to‐obtain nebulisers in the analysis and accounting for the population that are not on any inhaled therapy. A quality indicator in CF based on nebuliser adherence needs to consider data completeness in comparing the adherence rates of different centres.

**Effects of missing data on adherence rates**
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**667**

**IMPROVING NEBULISER ADHERENCE IN AN ADULT CF CENTRE ‐ DIFFERENCES IN UNADJUSTED ADHERENCE VS NORMATIVE ADHERENCE**

Hoo, Z.^1,2^; Curley, R.^2,1^; Walters, S.^1^; Campbell, M.^1^; [Wildman, M.]{.ul} ^2,1^ *1. ScHARR, University of Sheffield, Sheffield, South Yorkshire, United Kingdom* *; 2. Sheffield Adult CF Centre, Northern General Hospital, Sheffield, South Yorkshire, United Kingdom*

**Background:** Interventions to support preventative inhaled therapy adherence are important for effective self‐management. Treatment rationalisation can reduce burden and potentially improve adherence but may lead to suboptimal treatment regime. Defining a minimum treatment regime (1) given a person\'s characteristics (normative regime) provides a helpful metric to understand adherence rate over time and may well differ from measures of unadjusted adherence that provide less precision in estimating quality of care.

**Aim**: To explore the impact of different adherence definitions (unadjusted vs normative) as adherence changed in an adult CF centre from 2013 to 2014.

**Methods:** This is a retrospective analysis of the objective nebuliser adherence data measured with chipped I‐neb nebulisers for 2013 and 2014 in the Sheffield Adult CF Centre. People just on nonchipped devices for inhaled therapy, on ivacaftor or with previous lung transplantation were excluded.

Unadjusted adherence was calculated as percent of the agreed regimen between clinicians and patients. Normative adherence, which takes into account a person\'s characteristics when defining the minimum required treatment regime, was calculated with previously described methods.(1) For example, the denominator for a person with chronic *Pseudomonas* (requires mucolytic and antibiotic) who only agreed to use nebulised dornase alfa once daily is 1 neb/day in the calculation of % agreed adherence; but the denominator is 3 neb/day in the calculation of % normative adherence.(1)

**Results:** 89/166 (50.3%) adults were on I‐neb in 2013, which increased to 97/170 (54.8%) in 2014. There was general improvement across all adherence metrics.

79 adults were on I‐neb for both years. Among this cohort, 7 had regime rationalisation and 10 had regime augmentation. Those with regime rationalisation have lower normative adherence in 2013 compared to those with regime augmentation (median 20.7%, IQR 15.8‐56.1% vs median 42.8%, IQR 4.4‐86.5%). Regime rationalisation was associated with improved unadjusted adherence (median change 7.1%, IQR ‐11.0% to 10.0%), but there was reduction in both normative adherence (median change ‐0.8%, IQR ‐10.2% to 2.5%) and total nebuliser used/week (median change ‐0.2, IQR ‐3.3 to 1.2). Regime augmentation had the opposite effect (median change in unadjusted adherence ‐5.0%, IQR ‐15.2% to 20.5%; median change in normative adherence 5.9%, IQR ‐3.3% to 27.6%; median change in total nebuliser used/week 1.6, IQR ‐0.6 to 3.8).

**Conclusions:** There was a genuine improvement in the use of preventative nebuliser among adults with CF in Sheffield from 2013 to 2014. It is however crucial to consider the metric used to measure adherence for the purpose of quality improvement. Regime rationalisation, which is commonly instituted when adherence is low, can appear to improve unadjusted adherence without actually improving the overall nebuliser use.

**References:**

1\. Hoo ZH, et al. Patient Prefer Adherence. 2016;10:1‐14.

**Adherence metrics in 2013 & 2014**
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**PROGRESSION OF AN ESTABLISHED CF TRANSITION PROGRAM**

Nasr, S. *Univ. of Michigan, Ann Arbor, MI, USA*

**Introduction:** As life expectancy for people with cystic fibrosis (CF) has steadily increased, so has the need for transition of care from pediatrics to adult specialists. If this transfer is not done appropriately, a patient\'s future health, continuity of care and adherence to medications may be disrupted. Timing of the transition is complicated by developmental and psychosocial challenges common to all adolescents and young adults.

**Objective:** To review the University of Michigan (U of M) transition program progression through quality improvement (QI) initiatives.

**Methods:** U of M CF center transition program was established in 1980. The transition process is usually introduced to patients and families at their first visit to our center. The pediatric team re‐introduces the transition program to patients when they reach their early teens, a time when they are gaining independence. When ready, usually between 18 to 21 years of age, the adult pulmonologist meets the patient and family with the pediatric pulmonologist in the pediatric clinic. If the patient and family are not ready after this joint clinic session, the session can be repeated up to 3 times. Additionally, a tour of the adult inpatient and outpatient facilities is offered prior to transfer to adult care. This program was evaluated through 2 QI projects in 1992 and 2010. Following each evaluation, the transition process was modified to meet patients\' expectations and improve patient satisfaction. Also, areas of weakness and strength within the program were identified.

**Results:** Timing of transition is complicated by developmental and psychosocial challenges common to all adolescents and young adults. Although structured transitions programs did not appear to decrease patient anxiety during this stressful period, it appeared to improve patient satisfaction, perceived health status, and independence. The transition program optimizes patient health and continuity of care.

**Discussion:** Our evaluations of the program revealed that patients who proceeded through the formal transition program reported a higher level of satisfaction with care both before and after transferring from pediatric to adult care. Patient opinions regarding when to transfer care should be considered. Patients reported significantly higher perceived health status both before and after transition. Patients reported that the most useful experience was meeting an adult physician in the pediatric clinic, followed closely by having a social worker help in the transition process. Formalized transition process is crucial to optimize patient health, continuity of care, and reduce loss to follow‐up. Recently, the CF Rise transition readiness program was adopted by the center to help improve CF patients\' knowledge and foster their independence as they move to the adult program.
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**MOVING ON UP: TRANSITION NIGHT VIA LIVE INTERACTIVE WEBINAR**

[Gooyers, T.A.]{.ul} ^1^; Shrubsole, C.^1^; Itterman, J.^2^; Cooper, A.^2^ *1. Ambulatory Medicine, London Health Sciences Centre, London, ON, Canada* *; 2. Paediatrics, London Health Sciences Centre, London, ON, Canada*

**Abstract:** In Canada all paediatric CF patients are required to transition to the adult CF clinic at the age of 18 regardless of their readiness or desire to transition. We have been told that this can cause anxiety and stress for both the patients and their families. Among the myriad changes encountered include an entirely new team, new clinic location and space, new inpatient setting, and shift to self‐care model. Our current transition program starts at age 14 with the initiation of private discussion time with the paediatric health care team and a questionnaire that tracks development of CF knowledge and self‐management skills. While this process does provide some level of preparedness in terms of knowledge and skill, patients and family still voiced anxiety about the actual physical experience of transition. Our Transition Night was created to provide an opportunity for transitioning youth and their families to meet and interact with the adult team, be introduced to the new clinic space and routines, meet other parents and be able to present their questions and concerns. Parents were invited to be present but due to infection control guidelines the youth were not able to attend in person. Therefore they were connected via live webinar feed. This gave them an opportunity to view the presentations, meet the adult clinic team and anonymously send in their questions. The evening session was recorded and posted on our CF clinic website and available as a teaching tool.

**Method:** A Transition Evening event was held at a local hotel reception room with easy access to the highway for out‐of‐town participants. Our target population, identified as those who will be transitioning within the next 5 years, were personally invited with a poster about the event sent by email or regular post. The evening was supported by funds from a pharmaceutical company who provided technological support and equipment. The event was filmed, recorded and aired via confidential live interactive webinar for those at home. All disciplines from both the adult and paediatric teams presented PowerPoint slides with information on various aspects of transitioning to the adult clinic, highlighting the changes patients might expect to encounter. Refreshments and a "meet and greet" session occurred after the presentations. A display table with CF‐related information items and equipment was on display. Evaluation forms were available for completion after the session.

**Results:** Eight families from a possible 15 families approaching transition attended with 3 patients logged on remotely. All participants, including those logged in, were actively engaged and asked questions of the staff. Overall, evaluations proved to be extremely positive. Of the 10 evaluations completed, all attendees found the presentations met their learning needs at a very high degree. The same was true for the clarity, organization and understandability of the speakers. All participants found the event to be valuable and helpful.

**Reflections:**

Host event every year

Take pictures at event

Welcome table/sign‐in

Patient/parent from adult clinic discuss their transition experience

Speaker from college disability office

Email survey to webcast participants

Pre/post participant evaluation
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**SOCIAL COMPLEXITY AS A DETERMINANT OF OUTCOMES IN CYSTIC FIBROSIS AFTER TRANSITION TO ADULT CARE**

[Crowley, E.]{.ul} ^1^; Bosslet, G.^1^; Khan, B.^1^; Ciccarelli, M.^2^; Brown, C.D.^1^ *1. Pulmonary, Critical Care, Occupational and Sleep Medicine, Indiana University School of Medicine, Indianapolis, IN, USA* *; 2. Internal Medicine and Pediatrics, Indiana University School of Medicine, Indianapolis, IN, USA*

**Objective:** This study evaluates the roles of medical and social complexity in health outcomes in cystic fibrosis (CF) after transition into adult care. We hypothesized that individuals with high disease complexity, poor social support systems, or gaps in care experience a more rapid decline in lung function and increased health care utilization after transition.

**Methods:** Using a retrospective cohort design, all CF patients who were transitioned into adult care at Indiana University from our pediatric center between January 1st, 2005 to December 31st, 2014, were included. Along with demographics and comorbidities, the variables included age at transition, gap in care (days) between pediatric and adult CF center visits, treatment complexity score (TCS) (Sawicki GS, et al. J Cyst Fibros. 2013;12:461‐7), diagnosis of depression and anxiety, and an objective scoring measure of their social complexity (Bob\'s Level of Social Support, BLSS). Relationships between FEV~1~ % predicted and TCS and BLSS were assessed using bivariate linear regression. The relationships between gap in care and FEV1 % predicted as well as gap in care with TCS and BLSS were assessed using analysis of variance (ANOVA). TCS and BLSS tertiles were compared with hospitalization and outpatient visit rates using ANOVA. Lastly bivariate linear regression was used for correlations between TCS, BLSS, and hospitalization rates and pre‐ and post‐transition outpatient visit rates.

**Results:** The average age of the patients (N = 110) at the time of transition was 22.8 ± 6.4 years. The average FEV~1~ at transition was 66.2 ± 23.7% predicted. Half of the patients were male and 97% were white. Sixty‐three percent had a high school diploma and 29% had Medicaid insurance. There were no correlations between TCS (R = ‐0.07, p = 0.29) or BLSS (R = ‐0.01, p = 0.91) and decline of FEV~1~. Between groups of gap in care, there was significant difference in decline of FEV~1~ (p = 0.01). Higher TCS and BLSS correlated with increased hospitalization rate (R = 0.72, p \< 0.001) prior to transition. A higher TCS predicted more outpatient visits. However, higher BLSS was associated with a lower number of outpatient visits with a significant drop after transition (See Table).

**Conclusions:** Greater treatment complexity and social complexity are related to increased health care utilization. Patients with higher treatment complexity have more frequent outpatient follow‐up visits as well as hospitalizations, while patients with more psychosocial issues tend to have increased hospitalizations and fewer outpatient visits. Screening young adults for social complexity and providing further support may reduce avoidable health care use.

**Table: Correlation between Social Complexity, Treatment Complexity, and Health Care Utilization**
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\*P \< 0.05, \*\*P \< 0.001
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**NEUROPSYCHOLOGICAL, SLEEP, AND BRAIN ASSESSMENT IN ADULT CF HOMOZYGOUS F508DEL**

[Woo, M.S.]{.ul} ^1^; Roy, B.^2^; Afshar, K.^3^; Rao, A.^4^; Fukushima, L.^4^; Eshaghian, P.^5^; Woo, M.^2^; Kumar, R.^6^ *1. Pediatrics, Mattel Children\'s Hosp‐UCLA, San Marino, CA, USA* *; 2. UCLA Sch of Nursing, Los Angeles, CA, USA* *; 3. Pulmonary Med, UCSD, San Diego, CA, USA* *; 4. Pulmonary and Critical Care Med, Keck School of Medicine ‐ USC, Los Angeles, CA, USA* *; 5. Pulmonary and Critical Care Medicine, David Geffen School of Medicine ‐ UCLA, Los Angeles, CA, USA* *; 6. Anesthesiology, Radiological Sciences, and Bioengineering, David Geffen School of Medicine ‐ UCLA, Los Angeles, CA, USA*

**Introduction**: CFTR is expressed in several brain areas. Patients (pts) show a variety of symptoms, including mood, cognitive, respiratory, and autonomic issues. These abnormal symptoms suggest possible brain injury that can be examined with noninvasive MRI procedures.

**Methods:** 5 CF pts homozygous F508del (3 M; age 29.7±3.7 y; BMI 22.0±0.7 kg/m^2^) and 5 controls (4 M; age 28.5±5.1 y; BMI 21.3±5.4 kg/m^2^). Vital signs and demographics were collected. All were in baseline good health. All completed mood, cognitive, and sleep surveys: Beck Depression Inventory II (BDI‐II), Beck Anxiety Inventory (BAI), Epworth Sleepiness Scale (ESS), Montreal Neurocognitive Assessment (MoCA), Trail Making Tests (TMT) and Pittsburgh Sleep Quality Index (PSQI). Diffusion tensor imaging (DTI) procedures (2 DTI series/subject) were performed using a 3.0‐Tesla MRI scanner. Using diffusion and nondiffusion images, mean diffusivity (MD) values, which indicate average motion of water molecules within tissue and show microstructural changes, with decreased values in acute and increased in chronic pathological condition, were calculated at each voxel from each DTI series. Both MD maps, derived from each DTI series, were realigned and averaged, normalized to a common space, smoothed, and compared between groups using ANCOVA (covariates, age and gender; SPM12, p\<0.005; extended threshold, 10 voxels).

**Results:** No significant differences in age, gender, or BMI between CF and controls. Initial SpO~2~ was 97% (range 97‐98%) on room air, but dropped to 91% (range 90‐92%) when CF subjects were supine in MRI scanner. Of 5 CF subjects, one on BDI‐II, 3 on BAI, 5 on PSQI, and 2 on the MoCA had abnormal scores. Various brain areas showed significantly reduced MD values in CF, indicating predominant acute tissue changes, over controls. Sites with reduced MD values included bilateral prefrontal and frontal, parietal, and occipital cortices, bilateral corona radiate, anterior, mid, posterior cingulate cortices; insula, cerebellar vermis, middle cerebellar peduncles, cerebellar cortices and deep nuclei, and ventral medulla. Only a few areas, including basal‐forebrain and right occipital cortex, showed increased MD values in CF, suggesting chronic tissue damage, over controls.

**Conclusions:** Adult CF pts homozygous for F508del had poor sleep, unsuspected low oxygen saturation during rest, but few CF subjects showed mood and cognitive issues. CF subjects show predominant acute tissue changes in areas that control mood, cognition, respiratory, and autonomic functions. However, current mood and cognitive screening tests appear to be less sensitive, and show only limited issues.

**Speculation:** Altered brain structure may be due to CFTR protein dysfunction, malnutrition, or hypoxemia. Further study is needed to determine if these brain structural changes are present in other CFTR mutations and CF age groups.
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**IMPACT OF CAREGIVER WELL‐BEING ON CLINICAL DISEASE IN CF INFANTS**

[Iannuzzi, L.A.]{.ul} ^1^; Thomas, L.K.^2^; Harris, W.T.^2^ *1. University of Alabama School of Medicine, Birmingham, AL, USA* *; 2. Division of Pediatric Pulmonology, UAB, Birmingham, AL, USA*

**Background:** Cystic fibrosis (CF) is a heterogeneous disease, even among patients sharing the same genotype. Socioeconomic status (SES) and home environment contribute to some of this variability. We have previously observed that socioeconomic influences such as paternal education and family income manifest in clinically detectable CF disease during infancy. To better understand the link between SES and infant outcome, we interviewed CF caregivers regarding levels of social support.

**Hypothesis:** Impaired caregiver support is a mechanism linking low SES to overt CF disease progression during infancy.

**Methods:** Caregivers of CF infants were provided a modified validated questionnaire to analyze SES, support, and well‐being. These factors were compared to a 5‐item composite clinical score (nutrition, microbiology, cough, pulmonary exacerbations, and hospitalizations) of CF infants. T‐tests analyzed continuous data and Fisher\'s exact test analyzed categorical data (significance assigned at p\<0.05).

**Results:** Lead caregivers of 34 CF infants participated. Of these, 45% had an annual income \<\$50,000, 26% had less than a high school education, and 21% were single parents. The infants were generally healthy with an average clinical score of 6.9/10 and an average FEV~0.5~ of 101±3%. Most caregivers reported being well supported (8.0±3.5 out of 10). However, perceived support was decreased in families with lower annual income (\<\$50,000: 5.9±1.3; ≥\$50,000: 9.4±0.34, p=0.02), lower paternal education (≤High School: 6.2±1.2; College or more: 9.2±0.4, p=0.03), and in single parent homes (SPH) (SPH: 1.7±0.8, two parent homes (TPH): 9.6±0.2, p\<0.001). Caregivers in SPH had diminished annual household income, with 83% of SPH earning \<\$50,000 versus 34% of TPH (p=0.03). Paternal education was similarly lower in these environments (p\<0.02). The relationship between support and SES was most evident in SPH. Only 4% of SPH reported excellent support (\>8/10). In contrast, 11% of TPH reported low levels of support (Likelihood ratio (LR) 22, Positive Predictive Value (PPV) 0.89, Specificity 96%, p\<0.001). Low levels of perceived support (\<8/10) associated with diminished clinical scores (\<7/10) \[LR 4.5, PPV 0.8, Specificity 0.89, p=0.02\]. In particular, infants in SPH had overtly lower clinical scores (SP home: 5.1±0.4 vs. TP home: 7.3±0.4, p\<0.01).

**Conclusion:** CF caregivers generally report good health and adequate support. However, caregiver perception of support is significantly diminished in association with low income, low paternal education and single parent homes. Infants of caregivers that report low perceived support are at risk for developing increased disease. Single parent homes are most significantly associated with low support and low clinical scores. Assessing caregiver\'s perceived support and household type may enable targeted interventions to enhance the care environment during infancy and optimize CF outcomes.

Supported by UAB Cunningham Memorial Summer Research Program and CFF (CC032‐14).
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**VALIDATION OF A PEDIATRIC BEHAVIORAL HEALTH QUESTIONNAIRE TO INCREASE ACCESS TO APPROPRIATE PSYCHOSOCIAL SERVICES FOR PATIENTS WITH CF**

[Seay, A.D.]{.ul} ^1,2^; Whitaker, B.^1,2^; Menendez, A.^1,2^ *1. Pediatrics, University of Arkansas for Medical Sciences, Lowell, AR, USA* *; 2. Arkansas Children\'s Hospital, Little Rock, AR, USA*

**Introduction:** Assessment of emotional and behavioral functioning can facilitate patient and caregiver communication of behavioral health needs and facilitate appropriate referral and treatment of behavioral health problems. To better identify patients who may benefit from psychological evaluation an abbreviated screening tool that addresses the unique demands of clinical time constraints was developed for routine use at the Arkansas Children\'s Hospital\'s two CF center sites. The Pediatric Behavioral Health Questionnaire (PBHQ; an 8‐item questionnaire that briefly assesses behavioral health across the following domains: anxiety, depression, behavior, academics, social, treatment, and family adjustment/stressors) was developed to increase the communication of behavioral health information for the purposes of identifying patient and caregiver service needs, standardizing the referral and routing of appropriate psychosocial treatment and services, and increasing access to care. Study aims included: establishing the internal reliability and external validity of the PBHQ and cross‐validating the PBHQ with a validated psychological questionnaire.

**Methods:** The project is a cross‐sectional survey study designed to inform our approach to referring patients and their families to psychosocial services in the pediatric CF population. Parents of school‐aged CF patients were consented in clinic. They completed the Pediatric Symptom Checklist, the PBHQ, and a brief satisfaction survey. Medical information was extracted from the medical record and included in the statistical analyses. Descriptive statistics, chi‐square analyses, and correlations were conducted.

**Results**: The sample (N=19) was 52.6% female and 89.5% Caucasian. The mean age at survey was 11.41 years (SD = 4.73 years). There were 26.3% with a known mental health diagnosis, 31.6% with a G‐Tube and 15.8% with multiple hospitalizations in a 12‐month period. Preliminary results showed good internal consistency of the PBHQ with Cronbach\'s alpha = 0.81. There was a positive correlation with the PSC (r = .624) and known mental health diagnoses (r = 387).

**Conclusion**: The preliminary data indicate the PBHQ has good internal consistency and external validity. Parents who rated their child as high on the PBHQ also rated their child as high on the PSC and were more likely to have reported that their child has a known mental health diagnosis. There is evidence that utilizing this brief screener will sufficiently identify patients in need of additional assessment. The proposed work is significant as routinely screening for psychosocial difficulties and improving access to services can have an impact on current health‐related quality of life, adherence and physical health outcomes.

**674**

**IMPLEMENTATION OF THE CFF/ECFS MENTAL HEALTH SCREENING GUIDELINES: PATIENT SATISFACTION AND LESSONS LEARNED**

[Nicolais, C.J.]{.ul} ^1^; Saez‐Flores, E.^1^; Bernstein, R.^1^; Flood, T.^2^; Salathe, M.^3^; Quittner, A.L.^1^ *1. Psychology, Univ of Miami, Coral Gables, FL, USA* *; 2. St. Mary\'s Medical Cystic Fibrosis Center, West Palm Beach, FL, USA* *; 3. Pulmonary, Allergy, Critical Care, & Sleep Medicine, Univ of Miami Miller School of Medicine, Miami, FL, USA*

**Objectives:** The International Epidemiological Depression/Anxiety Study (TIDES) identified high rates of depression and anxiety in individuals with CF compared to community samples (Quittner AL, et al. Thorax. 2014;69:1090‐7). These findings led to the development of International Guidelines on Mental Health in CF, which recommended annual screening of depression and anxiety for all individuals with CF, ages 12 and older, and parents of children with CF, birth to 17 (Quittner AL, et al. Thorax. 2016;71:26‐34). This study aimed to determine the feasibility of implementing these guidelines at 2 CF clinics in South Florida, eliciting patient/parent ratings of satisfaction with the screening experience.

**Methods:** Trained CF team members used iPads to administer the Patient Health Questionnaire‐9 (PHQ‐9) and Generalized Anxiety Disorder scale (GAD‐7). Patients (ages 12 and older) and parent caregivers completed these screening measures at stable visits. Those with elevations in the Mild range were given support and psychoeducation about mental health. Those with elevations in the Moderate to Severe range were provided with psychoeducation and referrals to community psychologists. Patients completed 2‐3 month follow‐up surveys via mail or email. Patient medical data were extracted from electronic records. Institutional Review Board approval was gained for all parts of this study.

**Results:** Adults (N=40), adolescents (N=3), and parents (N=4) completed screening and satisfaction surveys. Sixty percent of adults (age M=34.85, FEV~1~%pred M=52.25, 55% minority) rated the screening process as "very helpful," 30% "somewhat helpful," and 10% "not helpful." A large majority of adults (95%) reported that mental health issues are "very important." Most adults (72.5%) also reported they were very comfortable being asked to complete the screening and 75% were satisfied with the length of the screening. Fifty‐five percent of patients were "very satisfied" with the feedback they received after their screening and 22.5% were "satisfied." Fifty percent of patients reported that their concerns were addressed "very effectively," and 27.5% "somewhat effectively." Parents (N=4) and adolescents (N=3) reported similar results.

**Conclusion:** Patients were highly satisfied with the screening process and generally found it helpful. However, results also indicated areas for improvement, including how feedback about results was given and how their concerns were addressed (eg, not getting feedback, getting feedback in front of a companion). Results reflected the limited mental health training of those who initially implemented this clinical study. However, grant funding from CFF has enabled us to place a psychology trainee in both the pediatric and adult clinics, with supervision provided by a licensed psychologist. We will continue annual screening with all patients and parents, utilizing this feedback and the skills of a clinical psychologist, and then re‐administer the survey to determine whether our processes have improved.

**Funding:** Vertex CF Circle of Care Grant.
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**PALLIATIVE CARE NEEDS IN ADULTS WITH CF**

[Hobler, M.R.]{.ul}; Aitken, M.L.; Goss, C.H.; Curtis, J.R.; Engelberg, R.A. *Pulmonary, Univ. of Wa. Med. Center, Seattle, WA, USA*

**Background:** Persons with cystic fibrosis (CF) have a median age of death of 29.1 years. They often receive aggressive life‐sustaining treatments within 24 hours of death and have a considerable burden of physical and emotional symptoms as well as reduced quality of life as CF progresses. Yet surprisingly, little is known about the palliative care and advance care planning (ACP) needs of people with CF or their families.

**Objectives:** 1) To identify and assess the palliative care and ACP needs of patients at a single CF center; 2) to identify and assess family members\' and clinicians\' roles in meeting patients\' palliative care and ACP needs.

**Methods:** A qualitative study of adult patients (ages 18 or older) with moderate or advanced CF (FEV1 ≤60%) and family members involved in their care. Participants were recruited from the University of Washington Adult CF Clinic. Semi‐structured interviews (30‐60 minutes) were conducted in‐person or by phone. Questionnaires, completed at the time of the interview, included questions about palliative care needs and demographics. Grounded‐theory constant‐comparison method was used to analyze the transcripts and co‐reviewed to ensure trustworthiness.

**Results:** Forty‐seven CF patients and 37 family members participated. Patient ages ranged from 24‐66 years with a median FEV1 of 40% (Range 19‐63). Family member ages ranged from 21‐69 years. We identified the following themes regarding patients\' unmet palliative care needs: 1) discussions of quality of life including impact of management of current symptoms and complicated treatment routines; 2) provision of information about future course of illness and communication about future functioning; 3) practical assistance with finances, health insurance, and legal issues; 4) support for emotional concerns including referral to counseling; and 5) opportunities to engage in advance care planning. Families identified similar concerns: 1) future quality of life for their loved one given their current level of independence; 2) guidance on how to support their loved one and address his/her practical needs; and 3) connectedness to their loved one\'s CF care and health status. For both patients and family members, the timing and location for addressing ACP needs was important. Patients varied in their willingness to discuss ACP, but agreed about not having ACP conversations when they were experiencing an exacerbation; however, patients often had difficulty describing what time would actually be best. Family members endorsed the need and desire for ACP but were similarly unsure "at what point" to have these discussions. Both patients and family members thought of their needs as "supportive" rather than "palliative," would choose to discuss their unmet needs with their CF practitioner rather than with another provider, and believed these discussions might be best done during a regularly scheduled CF appointment.

**Discussion:** Patients and family members experience palliative care needs that span a number of domains, but see a role for their CF provider to meet these needs with discussions that are carefully timed, do not occur during an exacerbation, and help them plan for their illness trajectory. Future studies should evaluate interventions to address palliative care needs for patients with CF and their family members.
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**TREATMENT ADHERENCE BARRIERS IDENTIFIED BY CF PROVIDERS**

[Beachy, S.]{.ul} ^1^; Baker, A.M.^1^; Quittner, A.L.^2^; Riekert, K.A.^1^ *1. Pulmonary and Critical Care Medicine, Johns Hopkins University, Baltimore, MD, USA* *; 2. Psychology, University of Miami, Miami, FL, USA*

**Background:** The treatment regimen for cystic fibrosis (CF) is complex and challenging, and people with CF take about half of their prescribed treatments. Healthcare providers are uniquely positioned to assist patients and families to overcome adherence barriers. To do this, however, providers must first recognize the full spectrum of adherence barriers.

**Objective:** To identify which patient and family adherence barriers are reported by CF providers.

**Methods:** Overall 20 pediatric and 19 adult providers from 34 CF centers in the United States participated in semi‐structured interviews, including 2‐3 providers from the following disciplines: dietitian, nurse, nurse practitioner, pharmacist, physical therapist, physician, psychologist/psychiatrist, respiratory therapist, and social worker. Interviews were recorded and transcribed, and responses were qualitatively coded for themes.

**Results:** Overall 19 themes were identified: Cost/Access (95% pediatric providers/100% adult providers; eg, copays, pharmacy difficulties), Time/Scheduling (95%/100%; eg, work, school activities), and Attitudes/Beliefs (95%/95%; eg, buy in, motivation, lack of perceived efficacy) were the most commonly endorsed barriers to patient adherence. Other barriers endorsed by providers included: Mental Health (95%/84%; eg, depression, anxiety), Center Resources (90%/95%; eg, space, staff turnover), Family (90%/58%; eg, family conflict, parental monitoring), Knowledge and Skills (85%/89%; eg, not understanding prevention, understanding device, Daily Habits/Routine (80%/84%; eg, organization, sleep), Social (80%/68%; eg, social stigma, isolation from others), Care Team (80%/79%; eg, trust, care team experience), Energy (75%/79%; eg, burnout, fatigue), Treatment (75%/68%; eg, taste, nausea,), Food (75%/53%; eg, pickiness, can\'t enjoy food), Intervention (65%/63%; eg, acceptance of counseling, lack of outcome data on adherence), Developmental (65%/58%; eg, transition, maturity), Clinic Visits (60%/84%; eg, visits too long, missed clinic appointments), Disclosing Nonadherence (55%/68%; eg, lack of honesty, don\'t want to disappoint/anger), Behavior (55%/26%; eg, behavioral issues, rebellion), and Patient Can\'t Articulate Barriers (10%/11%). In total, 80% of pediatric and 89% of adult providers indicated interest in a checklist to facilitate identification of adherence barriers. Providers identified many ways the checklist could be informative, including supporting collaboration and communication, tailoring interventions and determining if interventions to reduce barriers are effective.

**Conclusions:** CF providers recognize that patients and families experience a wide range of adherence barriers. The majority felt that the development of a Barriers Checklist would help care teams quickly identify barriers and promote collaboration with patients and families to overcome these barriers.

Supported by: QUITTN14QI0.
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**PREDICTORS OF TRANSITION READINESS AMONG ADOLESCENTS AND YOUNG ADULTS WITH CYSTIC FIBROSIS**

[Sawicki, G.S.]{.ul}; Williams, K.; Prushinskaya, O.; Schuster, M.A. *Boston Children\'s Hospital, Boston, MA, USA*

**Background:** With improvements in survival, an increasing number of adults with CF are receiving care in dedicated adult CF programs. For adolescents with CF, assessing transition readiness is an important component of preparation for transfer from pediatric‐ to adult‐focused CF care.

**Objective:** To identify clinical and demographic factors associated with improved transition readiness among adolescents and young adults with CF.

**Methods:** Transition readiness was assessed in a cross‐sectional survey study of adolescents and young adults with CF receiving care at a large pediatric CF center using the Transition Readiness Assessment Questionnaire (TRAQ), a validated self‐report measure of disease self‐management skills (score range 1‐5). Other measures included prescribed CF treatment complexity score (score range 0‐30), quality of life (measured by the CFQ‐R), and 6 self‐report questions on transition counseling received from their health care providers. Differences in TRAQ scores by clinical and demographic factors were evaluated via a multivariate linear regression model including all covariates with significant bivariate associations.

**Results:** Among 74 participants (mean age 17.2 years, 49% female, mean FEV1 85%), mean TRAQ score was 3.52±0.95 and mean CF treatment complexity score was 14.5±5.7. Fifty (67%) respondents reported that their providers had talked with them about their health care needs as they become an adult, and 33 (45%) reported that a plan to address these needs had been developed. Thirty‐nine (53%) reported that they had talked about transferring to providers who treat adults. Sixty‐five (88%) reported that their provider usually or always encouraged them to take responsibility for health care needs, while only 24 (32%) reported that they had discussed maintaining health insurance as an adult. In bivariate analyses, higher TRAQ score was significantly associated with older age, lower FEV1, higher treatment complexity score, and positive responses to all transition counseling questions. There was no correlation between TRAQ score and any of the CFQ‐R quality of life domains. In a multivariable regression model, older age (β=0.14, p=.002) and higher treatment complexity (β=0.04, p=.006) remained significantly associated with higher TRAQ scores. In addition, reporting that a provider had encouraged taking responsibility for health (β=0.61, p=.02) and had discussed health insurance (β=0.47, p=.02) also remained associated with a higher TRAQ score.

**Conclusion:** Among a cohort of adolescents and young adults with CF, transition readiness is associated with older age and higher prescribed treatment complexity. In addition, adjusting for age and disease severity, specific counseling on transition preparation topics such as health insurance is also associated with improved transition readiness skills. Transition programs within pediatric CF programs should encourage such counseling in order to optimize transition‐related outcomes.
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**RE‐EVALUATING PARENTAL INVOLVEMENT FOLLOWING TRANSITION**

[Dunk, R.]{.ul}; Flynn, F.; Madge, S. *Cystic Fibrosis Team, Royal Brompton Hospital, London, United Kingdom*

**Introduction:** Transition from paediatric to adult care involves taking responsibility and becoming independent. Many parents feel that they will become excluded from the management of their child\'s care following transition. Ten years ago the clinical nurse specialist team (CNST) presented data collected over four months estimating the level of parental involvement in their adult child\'s disease management following transition.

**Aim:** To re‐evaluate the level of parental involvement compared to 2006.

**Method:** We tried to match methods with the 2006 review however, although the audit was carried out at the same time of year contacts have increased despite a stable patient population and email is used in addition to telephone calls. Therefore all contacts (telephone and email) made with the CNST were reviewed over a two‐month period (November/ December). This included the number of calls/emails, identity of caller, age and gender of patient, and reason for calling.

**Results:** Comparison of contacts -- Table. Reasons for contact included: patient unwell, results, appointments/admissions, letters/welfare issues.

**Conclusion:** There has been a significant increase in the number of contacts over the last ten years. Many more patients have taken responsibility for their CF management with a fall in the number of calls made on their behalf (32% to 7%). Where contact was made on behalf of a patient, 79% were from mothers. It was noted that of the mothers calling, a small group of seven mothers called repeatedly. It appears that over the last ten years preparation for transition and support following the transition process has succeeded in empowering many young patients to take over responsibility for their care, although a small number of mothers continue to be actively involved for many years. Professionals working in adult CF teams need to be aware that following transition from paediatric to adult care, young adults need encouragement and support to become independent however, mothers particularly continue to play an active role for a number of years post‐transition.

**Table**
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**PERCEIVED SOCIAL SUPPORT PREDICTS SELF‐REPORTED MENTAL AND PHYSICAL HEALTH IN ADULTS WITH CYSTIC FIBROSIS**

[Guenther, K.D.]{.ul} ^2^; Graham, D.^2^; O\'Donnell, H.K.^2^; Sellers, D.E.^1^; Sawicki, G.S.^3^; Robinson, W.^2^; Dill, E.J.^2^ *1. Cornell University, Ithaca, NY, USA* *; 2. University of Colorado Denver, Denver, CO, USA* *; 3. Harvard Medical School, Boston, MA, USA*

**Introduction:** Little is known about the effect of social support on mental and physical health in adults with cystic fibrosis (CF). Adults with CF may face a unique set of clinical and psychosocial barriers affecting the attainment and maintenance of social support, including frequent hospitalizations, transition from pediatric care, change in primary support persons, and social isolation due to infection control policies. This study examined the role of perceived social support on the self‐reported mental and physical health of adults with CF.

**Methods:** We examined the responses of adults with CF (*N*=175) to the Interpersonal Support Evaluation List (ISEL, 0‐100 scale) and The Memorial Symptom Assessment Scale (MSAS, 0‐4 scale) as part of a single survey wave of the Project on Adult Care in Cystic Fibrosis (PAC‐CF), a longitudinal multicenter panel study of CF adults in the United States. The MSAS addresses self‐reported mental and physical health, with higher scores representing increased symptom burden. Linear regression analyses were conducted with social support as the predictor of mental health and physical health, controlling for the following covariates: disease severity (number of pulmonary exacerbations and FEV~1~), age, gender, education, weight percentile, diabetes, pancreatic sufficiency, and colonization with *Staphylococcus aureus*, *Pseudomonas aeruginosa,* and/or *Burkholderia cepacia*.

**Results:** Participant mean age was 34 years, with 49% female and 61% with a post‐high school degree. Reported social support ranged from 20 to 100 with a mean of 80. Physical health symptom scores ranged from 0 to 2.6 with a mean of 0.73. Mental health symptom scores ranged from 0 to 3.3 with a mean of 1.1. Greater levels of social support were associated with fewer negative mental health symptoms (*p*\<.001, *R* ^*2*^=.270) and fewer physical health symptoms (*p*\<.001, *R* ^*2*^=.175). Of the covariates included in the analyses, only female gender predicted poorer mental and physical health.

**Conclusion:** Perceived social support significantly predicted self‐reported mental and physical health in adults with CF, independent of clinical indicators of disease severity. Previous qualitative research indicates that social support is seen as a valuable resource to children and adolescents with CF; however, few studies have examined the role of social support on health outcomes in a quantitative design. The implementation of social support programs may prove beneficial in the care of individuals living with CF.

**680**

**DEPRESSION, ANXIETY, AND HEALTH‐RELATED QUALITY OF LIFE IN INDIVIDUALS WITH CF**

[Saez‐Flores, E.]{.ul} ^1^; Nicolais, C.J.^1^; Pedreira, P.B.^1^; Flood, T.^2^; Salathe, M.^3^; Quittner, A.L.^1^ *1. Psychology, Univ of Miami, Miami, FL, USA* *; 2. St. Mary\'s Medical CF Center, West Palm Beach, FL, USA* *; 3. Pulmonary, Allergy, Critical Care, & Sleep Medicine, Univ of Miami Miller School of Medicine, Miami, FL, USA*

**Objectives:** Individuals with cystic fibrosis (CF) are at higher risk for symptoms of depression and anxiety (Quittner AL, et al. Thorax. 2014;69:1090‐7). These symptoms have been associated with worse health outcomes, adherence, and health‐related quality of life (HRQoL; Riekert KA, et al. Chest. 2007;132:231‐7; Smith BA, et al. Pediatr Pulmonol. 2010;45:756‐63). This study examined the prevalence of these symptoms and whether they had an impact on HRQoL, using the Patient Health‐Questionnaire‐9 (PHQ‐9), the Generalized Anxiety Disorder‐7 scale (GAD‐7), and the CFQ‐R at 2 CF centers with a large percentage of minority and low income families. This study also assessed whether symptoms of depression predicted CFQ‐R Physical Functioning, Health Perceptions, and Social Functioning, after controlling for age and disease severity.

**Methods:** Adolescents (N=9) and adults (N=66; M age=31.7, 53% female, 53% minority, 80% income\<\$60,000, FEV~1~% M=52.53%), completed the CFQ‐R, PHQ‐9, and GAD‐7 during routine visits as part of the implementation of the CFF/ECFS mental health guidelines (Quittner AL, et al. Thorax. 2016;71:26‐34). IRB approval was obtained. Medical data were extracted from electronic records. Associations between all variables were examined using Pearson\'s correlations. Hierarchical, linear regression was used to analyze the relationship between PHQ‐9 scores and CFQ‐R Physical Functioning, Health Perceptions, and Social Functioning scales, after controlling for age and disease severity (FEV~1~%pred, BMI).

**Results:** A large percentage of patients reported elevated symptoms of depression (51%) and anxiety (41%), with 33% of all participants elevated on both. Significant associations were found between these symptoms and CFQ‐R scores (Table). After controlling for age and disease severity, greater symptoms of depression significantly predicted lower scores on the following HRQoL domains: Physical Functioning (*R* ^*2*^=.38, *F*(3, 70)=10.55, *p*\<.001, Δ*R* ^*2*^=.11, *b*=‐2.01, *t*(70)=‐3.50, *p*=.001), Health Perceptions (*R* ^*2*^=.28, *F*(3, 70)=6.81, *p*\<.001, Δ*R* ^*2*^=.18, *b*=‐2.69, *t*(70)=‐4.13, *p*\<.001), and Social Functioning (*R* ^*2*^=.34, *F*(3, 70)=8.86, *p*\<.001, Δ*R* ^*2*^=.18, *b*=‐1.65, *t*(70)=‐4.30, *p*\<.001).

**Conclusions:** High levels of psychological distress were reported in this sample. Greater symptoms of depression and anxiety were related to worse HRQoL scores across a majority of domains. Those with greater symptoms of depression reported worse health, physical, and social functioning, independent of disease severity. These results suggest that identifying and treating those in the elevated range is critically important for improving disease management and daily functioning.

**Funding:** Vertex CF Circle of Care and the Cystic Fibrosis Foundation.

![](PPUL-51-S194-g116.jpg "ppul23576-gra-0116")

**681**

**SCREENING FOR ANXIETY AND DEPRESSION IN THE SASKATCHEWAN CYSTIC FIBROSIS POPULATION**

[Ellis, C.]{.ul} ^1^; Bodani, R.^2^; Tam, J.S.^3^ *1. Medicine, University of Saskatchewan, Saskatoon, SK, Canada* *; 2. Psychiatry, University of Saskatchewan, Saskatoon, SK, Canada* *; 3. Medicine, Division of Respirology, Critical Care, and Sleep Medicine, University of Saskatchewan, Saskatoon, SK, Canada*

**Introduction:** Patients with cystic fibrosis (CF) with mental illness have increased morbidity, burden of disease, noncompliance to treatment, and worsened quality of life. Recent guidelines recommend screening for depression and anxiety with the Patient Health Questionnaire (PHQ‐9) and Generalized Anxiety Disorder 7‐item scale (GAD‐7) as a standard component of comprehensive CF care.

**Objectives:** The objective was to evaluate how consistently mental health was addressed during CF clinic visits without the use of formal screening questionnaires. Routine care was compared to the use of the PHQ‐9 and GAD‐7 in terms of detection of symptoms suggestive of anxiety and depression.

**Methods:** We reviewed charts of all patients with CF who were seen in the Saskatoon Adult CF Clinic in 2015. Patients who had previously undergone lung transplantation were excluded. Forty‐five patients met inclusion criteria. Physician notes were reviewed for mention of, or plan with regard to mental health. Additionally, data was collected on spirometry, sputum cultures, pulmonary exacerbations, and antibiotic use. In January 2016, the Saskatoon Adult CF Clinic initiated screening with the PHQ‐9 and GAD‐7. Scores on the questionnaires administered during a six‐month period were compared to detection of depression and anxiety without formal tools from the preceding year.

**Results:** Without use of screening tools, mental health was addressed in 9/45 patients. In patients screened with the PHQ‐9 and GAD‐7 in 2016, 23/45 scored five or more on at least one questionnaire, suggestive of, at minimum, mild depression or anxiety. The screening tools identified 16 subjects with potential mental health concerns that were missed with routine assessment. Overall, the screening tools identified mental health issues more often than the standard patient interview (51% vs. 20%, p = 0.001).

**Conclusion:** Our results demonstrate that mental health was assessed in a minority of patients through routine care. Use of the PHQ‐9 and GAD‐7 resulted in improved consistency in the assessment of mental health, as well as the identification of more patients with potential mental health disorders.

**682**

**PREVALENCE OF DISEASE‐SPECIFIC SEXUAL AND REPRODUCTIVE HEALTH ISSUES IN YOUNG WOMEN WITH CYSTIC FIBROSIS**

[Kazmerski, T.M.]{.ul} ^1^; Sawicki, G.S.^4^; Borrero, S.^2^; Abebe, K.Z.^2^; Jones, K.A.^1^; Weiner, D.J.^1^; Pilewski, J.M.^2^; Tuchman, L.K.^3^; Orenstein, D.M.^1^; Miller, E.^1^ *1. Pediatrics, Children\'s Hospital of Pittsburgh of UPMC, Pittsburgh, PA, USA* *; 2. Univ of Pittsburgh, Pittsburgh, PA, USA* *; 3. Children\'s National Medical Center, Washington, DC, USA* *; 4. Boston Children\'s Hospital, Boston, MA, USA*

**Introduction:** Young women with CF face unique sexual and reproductive health (SRH) concerns and prior research has shown that they prefer to receive CF‐specific SRH information from CF care providers. The purpose of this study was to investigate the prevalence of CF‐specific SRH problems and care provision by the CF team for young women with CF.

**Methods:** Females with CF aged 15‐24 years were recruited from five US CF centers to participate in an anonymous electronic survey investigating SRH behaviors and experiences, SRH care utilization, and preferences related to SRH care in the CF setting. Descriptive statistics were used to summarize CF‐specific SRH problems and rates of discussion with the CF care team.

**Results:** Respondents thus far included 133 women with CF (mean age 19.4±2.8 years). Thirty‐seven percent rated their CF severity as mild, 54% as moderate, and 8% as severe. Self‐reported baseline FEV1 was \>70% predicted by 68% of respondents. Thirty‐two percent had CF‐related diabetes. Reported age of adrenarche was 12.1±1.4 years; age of menarche was 13.1±1.4 years. One‐third perceived pubertal delay compared to their healthy peers; 75% had discussed puberty with their CF team. Eighteen percent reported a history of urinary incontinence (UI) (mean age of onset 16.0±4.2 years); 15% of all respondents had discussed UI with the CF team. Fifty percent reported a history of vulvovaginal candidiasis (26% had two or more episodes/year) and 31% of all respondents discussed this topic with their CF team. Forty‐two percent always disclosed their CF diagnosis to sexual partners; 34% disclosed only when they were in a committed relationship. Of respondents who reported having vaginal sex in the past four weeks (n= 66), 33% reported pain with vaginal penetration half the time or more, 26% coughing during or after sex, and 3% hemoptysis. Of all respondents, 41% reported discussing sexual activity with their CF team, but only 2% reported discussing sexual functioning concerns with CF providers. Twenty‐seven percent reported discussing fertility with their CF team; one respondent was told she was infertile due to CF by a healthcare provider. Forty‐one percent had discussed contraception with their CF team. Sixty‐nine percent were concerned that their future children would have CF and 83% would elect to do genetic testing for CF for a future child. Forty‐one percent had discussed contraception with their CF team and 28% had discussed pregnancy planning.

**Conclusion:** Young women with CF face many disease‐specific SRH issues. Despite a desire to discuss these topics with CF providers, a minority reported ever discussing most SRH concerns with their CF team. Improvements in patient education, counseling, and care provision around SRH are needed for this population.

Supported by the CFF 3rd Year Clinical Fellowship grant.
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**SEXUAL AND REPRODUCTIVE HEALTH BEHAVIORS OF YOUNG WOMEN WITH CYSTIC FIBROSIS COMPARED TO THE GENERAL US POPULATION**

[Kazmerski, T.M.]{.ul} ^1^; Sawicki, G.S.^2^; Borrero, S.^3^; Abebe, K.Z.^3^; Jones, K.A.^1^; Weiner, D.J.^1^; Pilewski, J.M.^1^; Tuchman, L.K.^4^; Orenstein, D.M.^1^; Miller, E.^1^ *1. Pediatrics, Children\'s Hospital of Pittsburgh of UPMC, Pittsburgh, PA, USA* *; 2. Boston Children\'s Hospital, Boston, MA, USA* *; 3. Univ of Pittsburgh, Pittsburgh, PA, USA* *; 4. Children\'s National Medical Center, Washington, DC, USA*

**Introduction:** As survival in CF improves, more patients need preventive services and care relevant to adolescence and young adulthood, including sexual and reproductive health (SRH). However, SRH experiences of young women with CF have not been studied. This study compared the SRH behaviors of young women with CF to the general US population.

**Methods:** Females with CF ages 15‐24 years from five US CF centers participated in an anonymous electronic survey exploring sexual history, contraceptive use, sexually transmitted infections (STIs), and pregnancy. Results were compared to data from the National Survey of Family Growth (NSFG), a large nationally representative survey conducted by the CDC to understand male and female SRH behaviors and trends in the US, via chi‐squared and linear regression tests.

**Results:** To date, 133 women with CF (mean age 19.4±2.8 years) have completed the survey. NSFG comparison data from 2011‐2013 were available for 1997 subjects age 15‐24 years (mean age 19.6±0.1 years). Eighty‐nine percent of women with CF identified as heterosexual, 2% as homosexual, and 9% as bisexual, similar to the general US population (p=0.15). Sixty percent of women with CF reported having had vaginal sex with a male partner compared to 66% of US women (p=0.01). Women with CF were older at age of first vaginal sex (p\<0.01) and have fewer lifetime male partners (p\<0.01) than the general US population. Fifty‐seven percent of all women with CF surveyed reported a history of contraceptive use compared to 74% of US women (p\<0.01). Fourteen percent of women with CF were currently using long‐acting reversible contraceptive (LARC) methods compared to 5% of the general US population (p\<0.01). Oral contraceptives were used by 20% of women with CF and 23% of US women (p=0.04). Women with CF were less likely to have ever used emergency contraception (20% vs. 29%, p\<0.01) or have been tested for STIs in the past year; (23% vs. 34%, p\<0.01) compared to the general US population. Two percent of women with CF reported ever being pregnant compared to 23.6% of the general US population (p\<0.01).

**Conclusion:** Young women with CF are less sexually experienced compared to the general US population and much less likely to have ever been pregnant. However, women with CF report lower rates of contraceptive use and STI testing, suggesting gaps in SRH education. These differences should be considered in the future development of SRH educational materials and care provision for young women with CF. Further investigation of the disparities in rates of pregnancy, contraceptive use, and STI testing are warranted.

Supported by the CFF 3rd Year Clinical Fellowship grant.
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**CF FOUNDATION ***COMPASS***: WITH YOU THROUGH INSURANCE, FINANCIAL, LEGAL AND OTHER ISSUES**

[Willis, A.]{.ul}; Kaider, A.; Larbi, F. *Cystic Fibrosis Foundation, Bethesda, MD, USA*

**Introduction:** Cystic fibrosis can be a challenging, time‐consuming and expensive disease, and many people with CF and their families face issues getting and affording the care they need. A recent study by the CF Foundation showed that 80 percent of adults with CF worry about having the financial support they need to live with the disease. Nearly 75 percent worry about getting or keeping their health insurance. Some patients and families even have to choose between paying for medications and other necessities such as food or rent.

CF Foundation *Compass* launched in 2016 as a tool for people with CF, their families and their health care providers to help through complex insurance, financial, legal and other issues. A team of 10 knowledgeable case managers with many years of experience helping people with CF offers assistance by phone or email.

**Methods:** Each *Compass* case is recorded in a comprehensive database that collects information about the issues people face as well as proposed solutions. We analyzed data from March to September 2016 to identify the most common topics addressed and trends.

**Results:** On average, *Compass* receives 59 calls per day. Health insurance issues are common (31% of calls). Of these issues, 18% are for help with choosing insurance options, 13% are for benefit verifications to understand what a particular plan covers and 4% are for help with coordinating benefits. About the same number of calls (29%) require help for financial assistance for care and treatment. For example, these calls often result in referrals to nonprofit foundations that provide funds for people with CF as well as manufacturer patient assistance programs. Fewer calls (11%) are for legal issues related to insurance, employment, education and government benefits as well as the need for assistance with Social Security applications. Many callers (28%) experience other issues that can impact their ability to get care and treatment. The top other issues are assistance paying for medical bills (15%), help with living expenses (14%), finding a CF care center (14%), finding or affording housing or lodging (9%) and paying for or assisting with issues related to medical devices (9%). On average, each month *Compass* refers 69 people to the CFF‐funded CF Legal Information Hotline^TM^, run by law firm Sufian and Passamano, LLP; funds 41 people to have law firm Sufian and Passamano, LLP, assist with their Social Security Disability Insurance and Social Security Income applications, reviews and appeals; and funds genotyping for 46 people.

**Conclusions:** People with CF face many barriers to accessing care and treatment. Although there are many barriers directly related to access, such as financial needs, there are many other barriers that can impact access and quality of life. CF Foundation *Compass* can help with many of these barriers and provides a glimpse into priority areas for many of the most vulnerable people with CF and their families.

**685**

**SCREENING FOR DEPRESSION IN CAREGIVERS OF CHILDRENS WITH CYSTIC FIBROSIS**

[Goetz, D.M.]{.ul} ^1^; Rand, K.^1^; Roach, C.M.^1^; Cogswell, A.^2^; Smith, B.A.^2^ *1. Pediatrics, State University of New York at Buffalo, Buffalo, NY, USA* *; 2. Psychiatry, State University of New York at Buffalo, Buffalo, NY, USA*

**Background:** Caring for children with cystic fibrosis (CF) increases rates of parental depression. The International Depression Epidemiological Study (TIDES) in CF found elevated symptoms of depression on the Center for Epidemiologic Studies Depression Scale (CES‐D) in 37% of mothers and 31% of fathers, which were 2‐3 times the rates in community samples (Quittner AL, et al. Thorax. 2014;69:1090‐7). In turn, parental depression increases the risk of depression in youth with CF (Quittner AL, et al.) and negatively affects the child\'s adherence and health outcomes (Barker DH, Quittner, AL. Pediatrics. 2016;137e20152296). As a result, The CF Foundation and European CF Society consensus statements for screening and treating depression recommend annual screening for depression in parent caregivers of patients with CF ages 0‐17 with the Patient Health Questionnaire‐9 (PHQ‐9) or the shorter PHQ‐2 based on staffing and resources (Quittner AL, et al. Thorax. 2016;71:26‐34).

**Methods:** At the CF Center at Women & Children\'s Hospital of Buffalo (CFC), screening patients with CF ≥ 12 years for depression began in 2013; annual screening was expanded to parents/caregivers in 2014 using the PHQ‐2 for a streamlined process in clinic. Due to low rates of caregiver depression observed in 2014 compared to the TIDES data, in 2015, caregivers of patients 0‐17 years of age were randomized to screening with the PHQ‐9 for half of the parents (last names A‐L) and the PHQ‐2 for the other half (M‐Z). Our objectives were to examine any differences between the measures and also to compare regional differences, using our data compared to data from the Pediatric CF Center at Ann and Robert H. Lurie Children\'s Hospital of Chicago, where screening caregivers with the PHQ‐2 has been started.

**Results:** In 2014 at CFC, 85 caregivers completed the PHQ‐2 from 74 eligible families; 2 refused and 1 was missed. Only two (2.5%) were positive. In 2015 at CFC, 30 caregivers were randomized for PHQ‐2 screening: 3 parents refused and 2 were missed; three (10.0%) were positive. 42 caregivers were randomized to PHQ‐9 screening; 1 refused. Eight (19.0%) screened positive on the PHQ‐9 and no one answered positive to the suicidality question. In 2014, 7/85 (8.2%) had a score of 2 on the PHQ‐2; in 2015, 4/30 (13.3%) scored a 2 on the PHQ‐2.

**Conclusions:** We found lower rates of caregiver depression than reported in a large international study, though different screening measures were used. Greater rates of caregiver depression were detected with the PHQ‐9 as compared to PHQ‐2 screening. Although a small sample, this suggests the PHQ‐9 may be more sensitive for caregiver depression screening and preferred to the PHQ‐2. Our data will be compared to caregiver screening from the Ann and Robert H. Lurie Children\'s Hospital of Chicago when their data are available, by October 2016. Reasons for lower rates of caregiver depression could include: underreporting/failure to report to team at smaller center, different screening measures or a seasonal variation.

**686**

**DIFFERENCES IN KNOWLEDGE, ATTITUDES AND EXPERIENCES FOR GASTROSTOMY TUBE PLACEMENT AMONG CAREGIVERS OF CHILDREN WITH CYSTIC FIBROSIS**

[Whitaker, B.]{.ul} ^1^; Blanchard, M.^2^; Henshaw, J.^3^; Com, G.^4^; O\'Brien, C.E.^2^ *1. Pediatrics, University of Arkansas for Medical Sciences, Little Rock, AR, USA* *; 2. Pharmacy, University of Arkansas for Medical Sciences, Little Rock, AR, USA* *; 3. Nutrition, Arkansas Children\'s Hospital, Little Rock, AR, USA* *; 4. Pediatrics, Children\'s Hospital Los Angeles, Los Angeles, CA, USA*

**Objective:** Cystic fibrosis (CF) affects an estimated 30,000 people in the United States. Pancreatic insufficiency is prevalent and can result in malnutrition. Nutritional status is directly correlated with lung function in CF. A gastrostomy tube (GT) can be placed to assist in meeting nutritional goals. Research shows this treatment is beneficial and safe, yet the impact of this decision weighs heavily on caregivers. This study aims to examine the knowledge and attitudes regarding GT placement among caregivers of children with CF and explore the relationship with health‐related quality of life.

**Methods:** Caregiver and child pairs were recruited at regular pediatric CF clinic visits. Pairs were excluded if the child had a GT that was removed. A multidisciplinary team designed parallel surveys: one for caregivers of children with a GT, and one for caregivers of children without a GT. To establish internal consistency, Cronbach\'s alpha was calculated on the whole sample. Study subjects completed the appropriate Cystic Fibrosis Questionnaire‐ Revised (CFQ‐R) survey. Demographic and clinical data were collected from the electronic medical record.

**Results:** The sample (N=48) was 56.9% female, 30.77% with a GT, and 86.3% Caucasian. Results showed moderate internal consistency with knowledge (Cronbach alpha=.66), attitudes (Cronbach alpha=.66) and decision making (Cronbach alpha =.66). For the with‐GT group there was an additional scale measuring current health (Cronbach\'s alpha = 0.61). The groups differed on the decision‐making scale (chi square = 30.01, *p =* .007). The CFQ‐R has two self‐report versions for the age group in this sample: 9 completed the Teen version and 16 completed the Child version and caregivers (n = 16) completed the CFQ‐R corresponding to Child version (n = 16). Spearman correlations between the Teen/Adult CFQ‐R and the Knowledge, Attitudes and Decision‐Making Questionnaire revealed strong negative correlations between Teen Role and knowledge (r = ‐.735, *p =* .024) and Teen Eating and attitudes toward GTs (r = ‐.777, *p =* .014). Correlations between the Child CFQ‐R and Knowledge, Attitudes and Decision‐Making Questionnaire revealed moderate correlations with CFQR scales of Eating, Body Image and Digestion (r = .664, *p =* .005; r = .564, *p =* .023; and r = .575, *p =* .020 respectively). The Caregiver CFQ‐R and the Knowledge, Attitudes and Decision‐Making Questionnaire were correlated revealing a moderate negative correlation between Body Image and GT attitudes (r = ‐.543, *p =* .030).

**Conclusion:** Comparing the groups revealed differences between the with‐GT and without‐GT groups for decision making. There were important differences noted in health‐related quality of life with patients with GT being identified as having more trouble with eating and body image. Having a better understanding of the relationship between the attitudes toward GT and body image and eating may have an important role in the decision making process of patients and caregivers.

**687**

**EFFECT OF CLINIC VISIT FREQUENCY ON CYSTIC FIBROSIS PATIENTS WITH SEVERE LUNG DISEASE: A SINGLE‐CENTER OBSERVATION**

[Cohen, L.A.]{.ul} ^1^; Walker, S.D.^1^; Kempker, J.^1^; Howard, D.^2^ *1. Pulmonary and Critical Care, Emory University, Atlanta, GA, USA* *; 2. Internal Medicine, Emory University, Atlanta, GA, USA*

**Background:** The Cystic Fibrosis (CF) Foundation currently recommends that patients with CF attend clinic quarterly for routine nutrition and respiratory care. Studies have speculated that increased clinic attendance leads to improved adherence to medication and therefore improvement in parameters such as FEV~1~. We hypothesized that those patients with a percent predicted FEV~1~ (FEV~1~%) baseline ≤ 40% with more frequent clinic visits would demonstrate a slower decline in their pulmonary function (FEV~1~%).

**Methods:** We queried our center\'s registry database to identify patients with a baseline FEV~1~% ≤ 40%. We reviewed each clinic visit (routine and sick visits) and totaled them together to determine the total number of clinical encounters patients had within the last three years (4/1/2013 -- 5/1/2016). Routine visits were defined as visits that occurred within the clinic setting and the patient did not show signs of an acute pulmonary exacerbation (APE). Sick visits were defined as having signs of an APE while in the clinic setting. Change in slope of FEV~1~% was calculated by subtracting the FEV~1~% baseline from 3 years prior from the current baseline FEV~1~%, divided by 3. Data analysis was performed using Spearman\'s correlation coefficient.

**Results:** A total of 32 out of 319 patients had a baseline FEV~1~% of ≤ 40% (10%). The average age was 33.9 and 59% of the patients were female (19 out of 32). The median number of clinical encounters was 17.5 and the median number of routine visits was 8 in the last three years. The median change in FEV~1~% slope from baseline was ‐3.5%. There was no significant correlation between more frequent routine clinic visits and FEV~1~% slope (*r* = ‐0.28; *p* =0.12). However, there was an inverse correlation with number of total clinic visits per patient and change in FEV~1~% from baseline (*r* = ‐0.45; *p* = 0.009).

**Discussion:** A few studies have suggested correlation between frequency of routine clinic visits and outcomes in CF patients. This might be expected to be more pronounced in patients with severe lung disease, in whom closer monitoring could lead to more stable disease. However, this was not seen in our population. This may be due to the small number of patients with severe lung disease at baseline, but might be due to the instability often seen in advanced CF lung disease. Additionally, those patients with more unstable disease may be scheduled at shorter intervals. The worsened decline in lung function associated with increasing total clinic visits suggests that those patients with more acute illnesses attend CF clinic more frequently.

**Conclusion:** Increased number of routine clinic visits in CF patients with severe lung disease is not associated with slower decline in FEV~1~.

**References:**

Yankasas JR, et al. Chest. 2004;125:1S‐12S.

Roberts JM, et al. Can Respir J. 2016:8901756.

Eakin MN, et al. J Cyst Fibros. 2011;10:258‐64.
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**IMPLEMENTING MENTAL HEALTH GUIDELINES AT A LARGE PEDIATRIC CF CENTER**

[Prieur, M.]{.ul}; Burke, C.; Sangvai, A.; Dellon, E.P.; Leigh, M. *Univ of North Carolina at Chapel Hill, Chapel Hill, NC, USA*

**Background:** While CF care centers strive to provide the best care to patients and families, they are not always able to adequately address mental health needs. A recent international study found rates of anxiety and depression in patients with CF and their parents to be two to three times that of other individuals in the community (Quittner A, et al. Thorax. 2014;69:1090‐7). In response, the CF Foundation developed guidelines, encouraging centers to annually (at least) screen patients and caregivers for anxiety and depression. Over the last 6 months, we have designed and implemented a mental health screening program at our large pediatric CF center and systematically evaluated barriers, benefits and outcomes.

**Methods:** Prior to screening, we developed a suicidality algorithm for our larger children\'s hospital, including a safety plan, and have already used this with two patients with CF who have endorsed suicidal ideation. We also developed a referral network across our state and are partnering with state managed care organizations (MCOs) and area educational centers (AHECs), developing didactic modules to present throughout the state for local mental health and primary care providers about CF and appropriate evidence‐based interventions. Patients ages ≥ 12 years and their caregivers have been approached during outpatient clinic visits, and occasionally while hospitalized, by a member of the CF mental health team (social worker or psychologist) and asked to complete the PHQ‐9 and GAD‐7. Our pediatric CF center serves around 350 patients, with 128 being ≥ 12 years‐old.

**Results:** To date, two MCOs and several AHECs have agreed to host continuing education sessions in the summer or fall of 2016. Data collection is ongoing as mental health screening began in April 2016. Thus far, we have screened 20 patients and 7 caregivers. Around 45% of patients have screened positive for anxiety and depression (mild, moderate, or severe) and 15% of caregivers; all have been provided both psychoeducation and referrals. Barriers to implementation have included clinic time and parental refusal for their child to participate. Parents have declined for their child to participate for several reasons, including because the patient was already in treatment and concern about impact of poor medical health on scores. Several benefits, however, have also been identified. Many parents have expressed the sentiment, "it\'s about time!", reflecting gratefulness that both the CFF and our center have prioritized mental health. Many individuals without previous diagnoses have also been identified.

**Conclusions:** The overall impact of this mental health initiative seems positive at our center, despite some barriers to implementation. Feedback has also been positive within our children\'s hospital in general and from providers across our state. Future directions include developing telehealth groups for adolescents with CF who score in the mild‐to‐moderate range for anxiety and depression. Additionally, we are continuing to work on upcoming educational interventions for providers throughout NC.

Supported by a grant from the Cystic Fibrosis Foundation.
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**MENTAL HEALTH SCREENING AT FOUR DIVERSE CF CENTERS: FACILITATORS AND BARRIERS**

[Prieur, M.]{.ul} ^4^; McLean, K.A.^1^; Snell, C.^2^; Alpern, A.N.^3^ *1. Rush Univ. Medical Center, Chicago, IL, USA* *; 2. Boston Children\'s Hospital, Boston, MA, USA* *; 3. Children\'s Hospital of Orange County, Orange, CA, USA* *; 4. Univ North Carolina at Chapel Hill, Chapel Hill, NC, USA*

**Background**: New mental health guidelines from the CF Foundation encourage routine screening of patients and caregivers for depression and anxiety. Many CF centers have begun this process to improve the awareness and treatment of patients\' mental health needs. Each of our centers received grants for mental health coordinators (MHCs), partially or fully filled by psychologists at each site, to help with implementation and development of mental health screening and referral procedures.

**Methods**: Adult patients (ages ≥18 years old), pediatric patients (ages ≥ 12 years and ≤17 years), and caregivers of pediatric patients were asked to complete the PHQ‐9 and GAD‐7 during outpatient clinic visits and inpatient admissions at four diverse CF centers. UNC\'s pediatric CF center serves \>325 pediatric patients from across NC, Boston Children\'s serves \>300 pediatric patients from the Northeast, Children\'s Hospital of Orange County serves \>100 pediatric patients from Southern CA, and Rush Univ. Medical Center serves around 25 pediatric and 45 adult patients in Chicago. Patient populations are highly diverse with regards to race/ethnicity, primary language, income, and residence (eg, urban/rural, domestic/international). Psychologists are participating in various aspects of the screening process at each hospital, providing unique perspectives to key barriers and facilitators.

**Results**: All four centers have been screening pediatric and/or adult patients for at least one month (range 1‐10 mo). The total screened of eligible patients thus far ranges from 16‐56% and 0‐20% of possible caregivers. Thus far, themes of facilitators and barriers are very similar, although a few unique situations have arisen. Across clinics, key facilitators included establishing referral networks and safety plans, role definition of MHCs within teams, collaboration amongst center providers, social workers assisting with the screening process, and buy‐in from patients, caregivers and CF teams. One unique facilitator identified was the ability to self‐refer due to protected time (Rush and BCH). Across‐clinic barriers included clinic time and space, and staff availability. Additionally, more complex barriers emerged regarding screening caregivers, including concerns regarding documentation of results and privacy issues. Unique barriers included underreporting among Spanish‐speaking caregivers (CHOC) and occasional patient and caregiver refusal (UNC).

**Conclusions**: There appear to be many factors that aid in the implementation of the CFF\'s new mental health guidelines. Overall, feedback from families and staff has been positive. The similarity in implementation factors identified across diverse clinics suggests that clinics preparing to implement screening should maximize these facilitators and prepare for the reported barriers. Future directions include continued collaboration between centers as a network for additional support, role identification and delineation within centers, and identification of strategies to improve acceptability to patients and caregivers.

Supported by grants from the Cystic Fibrosis Foundation.
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**VALIDATING AN ALGORITHM TO IDENTIFY PATIENTS WITH CYSTIC FIBROSIS BASED ON MEDICAL CLAIMS**

[May, A.E.]{.ul} ^1^; McCoy, K.S.^1^; Vecchiet, J.^2^; Wang, L.^1^; Patel, A.^1,2^ *1. Nationwide Children\'s Hospital, Columbus, OH, USA* *; 2. Managed Care, Partners For Kids, Columbus, OH, USA*

**Background:** CF is a chronic disease affecting 30,000 people in the US. Quality improvement efforts have improved outcomes and healthcare utilization in this population, but further efforts will be necessary to increase quality of care, promote adherence, and assist cost containment. The CFF Patient Registry is a source of aggregate data on CF patients, but it lacks healthcare utilization data and is not readily accessible to those outside of clinical care. Other resources within healthcare systems may benefit from an algorithm to identify classic CF patients. This would allow focus on healthcare promotion, adherence monitoring, and enrollment into care coordination, with goals of improving care, patient satisfaction and lowering healthcare costs. Claims data and international classification of disease (ICD) coding are a readily available dataset. However, an algorithm that identifies CF patients based on claims data does not exist. We devolped an algorithm that utilized claims data from a pediatric accountable care organization (ACO) to identify patients with CF.

**Methods**: The ACO database was queried for patients with ≥ 2 claims with ICD‐9 277.xx and ≥ 1 prescription claim for a CF medication between 8/1/14‐7/31/15. This was validated against a standard patient list generated by the CFF Patient Registry and the electronic health record. Sensitivity, specificity, positive and negative predictive values were calculated with SAS Enterprise Guide 4.3. IRB exemption was granted.

**Results:** The claims method produced 87 patients and the standard CF list included 107 patients. Comparing these lists confirmed the claims method produced no false positives and eight false negatives. The following values for the claims method were calculated: sensitivity (91.6%), specificity (100%), positive predictive value (100%), negative predictive value (60%). The high values for sensitivity, specificity, and positive predictive value demonstrate excellent reliability and validity for identifying CF patients using claims data.

**Discussion:** Many potential applications exist for data derived from medical claims. However, the first step must be reliably identifying the patient population. Once identified, claims‐based data can fill an existing gap in our current knowledge. For example, current data collection includes medications prescribed, but claims‐based data is more accurate regarding prescriptions that are dispensed. This may reveal patterns of nonadherence which may be addressed to improve health outcomes. Claims data facilitates tracking healthcare utilization as new therapies and practice guidelines are introduced. With payors asking for justification for costly therapies, this may be essential data to have in coming years. In addition, a validated method to identify patients based on claims paid will allow identification of patients across multiple CF centers. This can allow assessment of healthcare utilization, prescribing patterns and patient adherence both across centers and within CF centers. In addition, it allows, for the first time, the capture of aggregate data from those patients who do not attend CF centers or have chosen not to participate in the Registry.
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**PREDICTORS OF PROVIDERS\' COMPETENCE DELIVERING A PROBLEM‐SOLVING ADHERENCE INTERVENTION**

[Alpern, A.N.]{.ul} ^1^; McLean, K.A.^3^; Becker, E.M.^4^; Riekert, K.A.^5^; Quittner, A.L.^2^ *1. Children\'s Hospital of Orange County, Orange, CA, USA* *; 2. University of Miami, Coral Gables, FL, USA* *; 3. Rush University Medical Center, Chicago, IL, USA* *; 4. Children\'s Hospital of Philadelphia, Philadelphia, PA, USA* *; 5. Johns Hopkins University, Baltimore, MD, USA*

**Introduction:** Evidence‐based adherence interventions must be disseminated into clinics for patients to benefit. This requires training providers with a range of experience delivering behavioral interventions. Competence is the degree to which providers deliver intervention components skillfully, and is an important mediator of patient outcomes. We examined predictors of multidisciplinary healthcare providers\' competence delivering a problem‐solving (PS) intervention in iCARE, a national RCT at 18 CF centers across the US (N=607 adolescents).

**Methods:** Providers (N=48, 48% social workers, 21% nurses, 15% physicians, 16% other) received in‐person training, conducted videotaped PS sessions, and received ongoing clinical supervision with tailored feedback. Trained coders rated competence on 171 tapes using the PS‐Comp, an observational scale with 8 technical items (eg, defining the problem, explaining brainstorming), 6 relational items (eg, rapport, active listening), and a Teen Active Participation item (enthusiasm, on‐task behavior) scored on a 4‐point Likert‐type scale (1= poor, 4= excellent). ICCs for interrater agreement were .81‐.92 for Technical Competence, .50‐.77 for Relational Competence, and 0.82 for Teen Active Participation. Multilevel modeling examined longitudinal predictors of Technical and Relational Competence, including practice (\# sessions conducted), supervision, Teen Active Participation, and mental health provider (MHP) status.

**Results:** More Practice and Supervision significantly predicted Technical Competence over time (*β*\'s .02 and .10 respectively, *p\'s*\< .01). MHPs performed significantly better at baseline than non‐MHPs (*β* *= 0.29, t*(45)= 2.86, *p*\<.01). No differences in rates of improvement were found between MHPs and non‐MHPs (*t*(121)= ‐1.16, *n.s*.). Neither practice nor supervision predicted improvements in Relational Competence over time (*β* *\'s* 0.01 and 0.05, *n.s*). There were no differences in baseline performance or rate of improvement between MHP and non‐MHPs. Teen Active Participation was significantly associated with both Technical and Relational Competence (*β*\'s 0.14 and 0.26, *p*\'s\< .01), and was the strongest predictor when added to prior models. Accounting for Teen Active Participation amplified the relationship between Supervision and Technical Competence (*β*= 0.10→0.14, *p*\< .001), and revealed a previously nonsignificant relationship between Supervision and Relational Competence (*β*= .11, *p*\< .05).

**Conclusions:** Multidisciplinary teams can implement adherence interventions, but one‐time trainings are not sufficient for competent implementation. More intensive training and ongoing supervision are indicated---especially for providers lacking formal mental health training---and should include rapport‐enhancing strategies. Patients\' active participation and providers\' competence were likely reciprocally related because interventions are easier to deliver when the patient is engaged, and competent delivery facilitates patients\' engagement.

Supported by CFF, Genentech, Novartis Pharmaceuticals, University of Miami Summer Dean\'s Fellowship.
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**NYULMC CF PEDIATRIC CARE CENTER DEPRESSION SCREENING INITIATIVE**

Harris, M. *CF Care Center, NYULMC, New York, NY, USA*

**Problem:** Longitudinal research indicates that adolescents with cystic fibrosis (CF) are at increased risk of depression. Depression in CF patients is linked to lower quality of life, worse respiratory symptoms, and worse medical treatment adherence. The burden of treatment may also contribute to depression. Identifying CF patients affected by depression and anxiety and connecting them with appropriate mental health care is a priority.

**Project Goal:** Aligning with national guidelines for mental health care for CF patients, we aim to increase the rate of depression screening of CF patients aged 12 and over from current level of 0% to 75% by July 2015.

**Team Members:** Dr. Robert Guisti, Christine Mavaro, CF Coordinator and Mary Ann Harris, LCSW

**Interventions:** Collaboratively adapted and refined depression and suicide screening algorithm to fit Fink CF workflow based on CF Foundation national guidelines and Universty of Buffalo screening program. Depression Screening using the Patient Health Questionnaire ‐ 9 (PHQ‐9) Suicide risk screening using Columbia Suicide Risk Severity Scale (C‐SRSS) Case management, psychiatric evaluation, and treatment referrals are offered as appropriate.

**Progress to Date:** Screening was intiated in January 2015. To date, 17 eligible adolecents have been screened.

**Lessons Learned:** Depression screening in adolescent CF patients is feasible at NYULMC CF Care Center A referral network must be available that offers accessible care to patients from different SES and geographic areas, and with different insurance providers.

**Next Steps:**

Expand depression screening to include young adults with CF and in caregivers Initiate screening for clinically significant anxiety Garner support and feedback from the CF Parent Advisory Council Extend behavioral health treatment referral network in collaboration with NY Regional CF Care Centers and CF Foundation
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**IMPLEMENTING INTEGRATED MENTAL HEALTH ASSESSMENT AND TREATMENT PROGRAM**

[Akmal, S.J.]{.ul} ^1^; Herts, K.^2^; Hollander, S.^1^ *1. Pulmonology, Mattel Children\'s Hospital ‐ UCLA, Los Angeles, CA, USA* *; 2. Psychology, UCLA, Los Angeles, CA, USA*

**Background:** Access to mental health assessment and treatment is often a barrier for individuals with CF who would benefit from treatment. Annual mental health screening of CF patients ages 12 and up has been indicated in an effort to identify the level of therapy needed and to bridge the continuum of mental and physical health. Limited access to a licensed, qualified professional to provide therapy serves as a barrier, especially in CF clinics that are not able to have a psychologist as part of the primary CF team. Creating an integrated approach between the primary CF team and a therapist who specializes in treating patients with chronic illness may improve patients\' access to needed assessments and therapies.

**Methods:** Over a 6‐month period, the CF social worker used PHQ‐9 (Patient Health Questionnaire) and GAD‐7 (Generalized Anxiety Disorder) screening tools to provide scores indicating patients\' levels of treatment and psychological services needed. The CF social worker collaborated with the CF Institution\'s Psychology Department. This collaboration resulted in establishing access to a therapist specializing in chronic illness who was able to provide services on a sliding monetary scale. Patients were offered consult with the specialized therapist regardless of PHQ‐9 and GAD‐7 screening scores, with the score guiding what level of follow‐up and what treatments were indicated. The screening tools were completed before and after 12 weeks of therapy. Therapies included Acceptance and Commitment Therapy (ACT), a proven effective treatment for adult anxiety and depressive symptoms, as well as Cognitive Behavioral Therapy (CBT), a proven effective intervention for individuals with depression and chronic illness.

**Results:** During the 6‐month screening period, the CF social worker screened 18 pediatric and adult CF patients using the PHQ‐9 and GAD‐7 screening tools. Of the 18 patients screened, four patients (22%) accessed services offered by the specialized therapist. By patient report, anxiety decreased, acceptance of their CF diagnosis improved, and the ability to manage negative emotions improved. Patient‐reported feelings did not consistently correlate with posttreatment screening scores.

**Conclusions:** Providing access to a therapist specializing in chronic illness may improve patients\' abilities to manage and live with their CF diagnosis and treatments. Utilizing services available in an academic or large‐health institution setting may allow for financially‐ and logistically‐accessible services that decrease patients\' barriers to seeking treatment.
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**MEASURING THE IMPACT OF SPECIALTY PHARMACY SERVICES ON ADHERENCE IN A CYSTIC FIBROSIS PATIENT POPULATION**

[Vecchiet, A.]{.ul} ^1^; Novak, K.J.^1^; McCoy, K.S.^2^; Kaczor, C.^1^ *1. Pharmacy, Nationwide Children\'s Hospital, Columbus, OH, USA* *; 2. Pulmonology, Nationwide Children\'s Hospital, Columbus, OH, USA*

**Background:** The life‐long duration and complexity of CF medication regimens are common deterrents to adherence in the CF patient population. Many of these medications are considered specialty medications. Health systems are increasingly starting their own in‐house SPs to improve transitions of care and leverage interdisciplinary teams to improve patient outcomes, such as medication adherence. The most commonly used adherence measure is the medication possession ratio (MPR). A newer measure, the proportion of days covered (PDC), more accurately represents adherence to combination therapy regimens. The purpose of this study was to measure medication adherence in a CF patient population before and after the implementation of a SP associated with an accredited pediatric and adult CF center.

**Methods:** Retrospective analysis of refill histories was completed in two phases. Phase 1: pre‐implementation data from January 1 to December 31, 2014 for patients 0‐18 years of age. Phase 2: post‐implementation of the SP, conducted from July 1, 2015 to February 29, 2016 for patients of all ages who are patients of the in‐house SP. To be included, patients had to have filled one of the following specialty medications intended for chronic use (defined as greater than one month): dornase alfa, tobramycin, ivacaftor, colistin, aztreonam, lumacaftor/ivacaftor. Chart reviews were conducted to assess the intended medication regimen and to collect baseline characteristics: BMI, BMI percentile, and FEV~1~.

Medication adherence was calculated for patients over the study periods in phase 1 and 2. MPR was calculated as the number of prescriptions filled in the period divided by the number of prescriptions that should have been filled. PDC was calculated for the combination medication regimens as the number of months that a patient had all of their medications available to them divided by the total number of months that the patient should have had those medications.

**Statistical Analysis:** Group comparisons were assessed using Kruskal‐Wallis and Wilcoxon rank sum tests for continuous variables and chi‐squared tests for categorical variables. Unpaired differences (excluding patients in both phases) were assessed using Wilcoxon rank sum tests.

**Results:** In Phase 1, 43 patients were included (median age 10 years). In Phase 2, 86 patients were included (median age 21 years, p\<0.0001). There were no significant differences in adherence scores between age groups (0‐5, 6‐11, 12‐18, 18+) in phase 1 or 2 (p=0.86, 0.9545). Patients present in both phases were excluded from adherence calculations leaving 23 patients in phase 1 and 66 patients in phase 2. The median MPR score (IQR) for phase 1 patients on a single medication was 37.5% (29.2‐61.1). The phase 2 median MPR score (IQR) significantly increased to 100% (100‐100) (p\<0.0001). There were 10 patients on combination therapy regimens in phase 1; the median PDC score (IQR) was 25% (10‐41.7). The phase 2 median PDC (IQR) significantly increased to 100% (91.75‐100) (p\<0.0001) in the 28 patients on combination therapy regimens.

**Conclusion:** MPR and PDC adherence scores increased significantly post‐implementation of an in‐house SP. Adherence scores were not associated with age.
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**EMPLOYMENT STATUS PREDICTS SELF‐REPORTED QUALITY OF LIFE INDEPENDENT OF DISEASE SEVERITY IN ADULTS WITH CF**

[O\'Donnell, H.K.]{.ul} ^1^; Graham, D.^1^; Guenther, K.D.^1^; Sellers, D.E.^2^; Sawicki, G.S.^3^; Robinson, W.^1^; Dill, E.J.^1^ *1. Univ of CO‐Denver, Denver, CO, USA* *; 2. Cornell Univ, Ithaca, NY, USA* *; 3. Harvard Medical School, Boston, MA, USA*

**Introduction:** Increasing numbers of patients with CF are achieving developmentally appropriate adult milestones such as higher education and employment. Our objective was to understand whether being employed is associated with higher levels of health‐related quality of life (HRQOL) in adults with CF.

**Methods:** Data were obtained from the baseline survey of the Project on Adult Care in Cystic Fibrosis (PAC‐CF), a 10‐center longitudinal study of adults with CF (*N=* 307). Participants completed the Cystic Fibrosis Questionnaire‐Revised (CFQ‐R), a validated HRQOL instrument (0‐100 scale), and reported their employment status (0=not employed, 1=employed full‐ or part‐time). Disease severity was assessed by forced expiratory volume in 1 second (FEV~1~) and number of pulmonary exacerbations (hospitalizations or home IV treatment) over the preceding 4 months. Other demographic and clinical covariates that may be related to HRQOL included age, gender, education, weight percentile, diabetes, pancreatic sufficiency, and colonization with *Staphylococcus aureus, Pseudomonas aeruginosa,* and/or *Burkholderia cepacia*. Twelve stepwise hierarchical linear regression models were created, one for each CFQ‐R domain; clinical and demographic covariates were entered first, disease severity second, and employment status third. Due to multiple tests, a Bonferroni correction was used to evaluate significance at the *p*\<.05 level. Unstandardized regression coefficients (*B*) show the increase in CFQ‐R domain scores for employed individuals. Unique variance accounted for by employment status is indicated by *R* ^*2*^Δ.

**Results:** Participants had a mean age of 33 years (*SD*=10.71, range=19‐64); 57% were female, 56% had a post‐high school degree, and 55.1% reported that they were employed. Being employed was significantly associated with higher HRQOL on several CFQ‐R domains (emotional functioning, social functioning, role functioning, physical functioning, vitality, health perceptions, treatment burden) when controlling for covariates and disease severity. Employment was most strongly related to role functioning (*B*=15.83, *R* ^*2*^Δ=0.09), health perceptions (*B*=13.36, *R* ^*2*^Δ=0.07), social functioning (*B*=9.70, *R* ^*2*^Δ=0.06), physical functioning (*B*=12.84, *R* ^*2*^Δ=0.05), and emotional functioning (*B*=9.18, *R* ^*2*^Δ*=*0.04). When all predictors were entered in the third model step, employment was more strongly associated with CFQ‐R domains than disease severity, except for the physical functioning domain. Employment status was not associated with the remaining, predominantly symptom‐based, CFQ‐R domains (body image, digestive symptoms, eating disturbances, weight, respiratory symptoms).

**Conclusions:** In this cohort of adults with CF, employment was a stronger predictor of many aspects of HRQOL than measures of disease severity, highlighting the relative importance of employment in adults with CF, particularly in areas such as emotional, social, and role functioning. These findings suggest that encouragement and support of employment among adults with CF have the potential to help patients focus less on physical symptoms and more on other aspects of life, leading to overall improved HRQOL.
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**MENTAL HEALTH IN ITALIAN PATIENTS WITH CYSTIC FIBROSIS AND PARENT CAREGIVERS: PRELIMINARY RESULTS USING INTERNATIONAL GUIDELINES**

[Graziano, S.]{.ul} ^1^; Lucidi, V.^2^; Gentile, S.^1^; Tabarini, P.^1^ *1. Unit of Clinical Psychology, Bambino Gesù Pediatric Hospital, IRCCS, Rome, ITALY, Italy* *; 2. Cystic Fibrosis Unit, Bambino Gesù Pediatric Hospital, IRCCS, Rome, Italy*

**Introduction:** Cystic fibrosis (CF) is a life‐threatening, genetic disease that causes persistent lung infections and progressively limits the ability to breathe. Individuals with CF and parent caregivers are at increased risk for depression and anxiety than those in general population (Quittner AL, et al. Thorax. 2014;69:1090‐7). Psychological symptoms have been associated with worse health outcomes (Goldbeck et al. Cochrane Database Syst Rev. 2014;6:CD003148). The CF Foundation and the European CF Society have set up consensus statements for screening and treating depression and anxiety in individuals with CF and parent caregivers. Intervention are designed based on the level of severity of depression and anxiety identified with annual screening (Quittner AL, et al. Thorax. 2015;71:26‐34). The aim of this study was to investigate anxiety and depression symptoms in Italian patients with CF and parent caregivers using new international guidelines.

**Methods:** Patient recruitment is ongoing. We have selected 120 consecutive patients aged 12‐45 years diagnosed with CF (adolescents=F/M=35/20; mean age \[SD\]=14.9\[3.5\] and adults= F/M=30/35; mean age \[SD\]=27.9\[6.9\]) and 130 consecutive parent caregivers (F/M=78/52; mean age \[SD\]=40.9\[7.2\]). We included patients with CF, ages 12 years and older, and caregivers of children with CF, birth to 18 years of age. We excluded patients with other chronic diseases, Mental Health severe diseases, and those on the waiting list for organ transplant. Patients and parents completed two self‐report measures: PHQ‐9 (Patient Health Questionnaire‐9) and GAD‐7 (Generalized Anxiety Disorder 7‐item) as recommended by the International Committee on Mental Health in CF.

**Results** Preliminary data analysis has shown that a high percentage of patients and parent caregivers reported scores above the cut‐off level of 5 both for depression symptoms and anxiety symptoms. Elevated symptoms of depression were found in 52% of adolescents, 41% of adults, 57% of mothers and 44% of fathers; elevated symptoms of anxiety were reported by 53% of adolescents, 42% of adults, 63% of mothers and 49% of fathers. When considering range of severity (mild, moderate, severe) we found that "mild range" was the predominant for depression (adolescents=63%; adults=68%; mothers=47%; fathers=58%) and anxiety (adolescents=56%; adults=75%; mothers=63%; fathers=61%). We found "moderate range" of depression in 32% of adolescents, 21% of adults, 36% of mothers and 26% of fathers, and "moderate range" of anxiety in 33% of adolescents, 20% of adults, 24% of mothers and 28% of fathers. A low percentage of subjects have shown symptoms in the "severe range."

**Conclusion:** Symptoms of depression and anxiety are prevalent in patients with CF and parent caregivers. Adolescents reported more symptoms than adults and mothers reported more symptoms than fathers. Depression and anxiety symptoms in the mild range seem to be predominant in patients with CF and parent caregivers. Preliminary data confirm the importance of annual screening of depression and anxiety using the PHQ‐9 and GAD‐7.
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**CYSTIC FIBROSIS INPATIENT REWARDS PROGRAM**

Koistinen, M.N.^1,2^ *1. Food and Nutrition, Texas Children\'s Hospital, Houston, TX, USA* *; 2. Baylor Collage of Medicine, Houston, TX, USA*

This program was designed to address the issues pertaining to self‐care among the inpatient cystic fibrosis (CF) population at Texas Children\'s Hospital. It was noted that the CF patients have developed a dependency on the nurses and ancillary staff to do things such as waking them up for breathing treatments, take medications, and maintaining good personal hygiene. The goal of the study is to gain a better understanding of the CF patient\'s feelings towards self‐care during admissions. Requirements for participation in the study are admission to the hospital and being over the age of six years. The participants of the study earn points each day by actively participating in three breathing treatments, physical therapy, taking all prescribed nutritional supplements, and having good hygiene and good behavior throughout admission. Once the participants earn 33 points they are rewarded with coupons to either McDonald\'s or the Texas Children\'s Hospital Food Court. The participants are asked to complete a presurvey before starting the program and then a postsurvey just prior to discharge, then an additional postsurvey at their clinic follow‐up in approximately 2 weeks after discharge. The survey is a rating system designed to obtain information on how important the patients feel that certain aspects of their health care are to them. Our hope with this study is to help find motivating factors for the inpatient CF patients to take charge of their own care and be the key component for their overall outcomes during hospitalizations. The study is currently taking place and thus far has 16 participants with 3 repeat admissions. It is our goal to complete this study by the end of May 2016 with enough information to determine if our inpatient rewards program has had a positive effect on our patients\' overall well‐being and self‐motivation.
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**AN INVESTIGATION INTO RISKY HEALTH BEHAVIOURS WITHIN ADULT CYSTIC FIBROSIS PATIENTS**

[Keyte, R.C.]{.ul}; Egan, H.; Mantzios, M.; Jackson, C. *Psychology, Birmingham City University, Birmingham, United Kingdom*

**Introduction:** Smoking, excessive alcohol consumption and illicit drug use are prevalent within the CF population, with these behaviours having adverse health effects upon patients regardless of their treatment adherence. In an attempt to prevent the initiation and aid the cessation of risky behaviours within the CF population, factors associated with these behaviours firstly need to be identified. We therefore investigated beliefs associated with these behaviours within adult CF patients.

**Method:** Twenty‐four adult participants were recruited (16 male, age range 19‐66 years) from two UK regional CF centres, with a median FEV~1~ 61.77% predicted. Qualitative semi‐structured interviews provided an interpretive perspective when investigating patients\' beliefs towards their CF and the impact their CF has upon their life, exploring rationales for why some patients engage in risky behaviours.

**Results:** Thematic analysis identified five themes within the data set: "Identity," "The reality of living with CF and the impact CF can have upon an individual living within a social world," "Patients\' attitudes, beliefs and coping mechanisms in response to living with CF," "Support from others" and "Acceptance and Awareness." These findings illustrate that the factors associated with risky behaviours within the CF population are multifactorial. A desire for normalcy was seen to be important to many, with literature acknowledging that this desire for normalcy can be accompanied with the engagement of normalised risky behaviours as a retaliation against the illness identity. Evidence of a life orientated perspective was also prevalent, with participants reporting that they engaged in risky behaviours for fun. Overall there was a reported lack of knowledge concerning consequences of risky behaviours, with many participants stating they had not been informed of these by their clinicians. This was in line with a transition evaluation conducted by the researcher, which indicated that many UK CF units do not integrate a discussion on risky behaviours into a patient\'s transition to adult care. However, the results of the current research highlight the importance of awareness, with patients who had good awareness of the consequences of risky behaviours often accepting that they cannot engage in such behaviours.

**Conclusions:** This research highlights the need for more effective health promotion measures to reduce and prevent risky behaviours within the CF population. We are now conducting semi‐structured interviews with paediatric CF patients to investigate their awareness and beliefs towards risky behaviours, at an age commonly associated with the initiation of such behaviours; the results of which will also be discussed at the NACFC. Overall this research will highlight why some CF patients engage in risky behaviours, to inform interventions to prevent the initiation and aid the cessation of risky behaviours by increasing patient awareness of the consequences of such behaviours, specific to CF.
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**LEGAL PROBLEMS INCREASE FOR PEOPLE WITH CF**

[Sufian, B.]{.ul}; Passamano, J.; Sopchak, A. *Sufian & Passamano, LLP, Houston, TX, USA*

The CF Legal Information Hotline® provides accurate information on legal issues affecting people with CF. Data show that the CF Hotline continues to meet the CF community\'s need for information on the legal rights of people with CF.

**Discussion:** A. Calls Received: The CF Hotline received 7079 calls in 2015, an increase of 13% over calls in 2014.

B. Age of Subject: More calls related to adults with CF at 59% (4183) and 41% (2896) of all calls related to children.

C. Caller Type: Calls from adults with CF were 44.4% of all calls (3143), an increase of 24% over 2014. CF center staff made up 31% (2198) of all calls, an increase of 10% over 2014. Calls from a parent of a person with CF were 23.2% (1645) of all calls, an increase of 6% since 2014. Calls from spouses or friends of a person with CF were 1.4% (93) of all calls.

D. Subject Matter of Calls: Calls were in five major categories: health benefits and coverage; Social Security benefits; employment; education; and miscellaneous subjects.

1\. Health Benefits and Coverage. Calls related to health benefit plans were 27% of all calls (1888/7079), a decrease of 2% compared to 2014. Among the 1888 calls regarding health benefits, 24% (444) related to benefits under individual or group plans, a decrease of 50% from 2014. Most calls in this category, 70% (1313) related to health benefit coverage under Medicare or Medicaid, an increase of 52%.

Significantly, only 40 calls were from individuals with no coverage in 2015, a decrease of 48% from 2014.

2\. Social Security. Calls related to Social Security benefits were 59% (4166/7079) of all calls, an increase of 40%. Of these, 55% (2305/4166) related to Supplemental Security Income benefits, a 48% increase from 2014. 45% of calls related to Social Security Disability Insurance benefits which is a 30% increase.

3\. Education. Accessing education accounted for 9% (654) of all calls, a 17% decrease from 2014.

4\. Employment. Employment‐related calls were only 5% (342), a decrease of 20% compared to 2014.

5\. Miscellaneous Subjects. Miscellaneous subjects accounted for only 0.4% of all calls, a decrease of 77% from 2014.

**Conclusions:** Adults with CF continue to need an accurate resource for information on legal issues as nearly two‐thirds of all calls related to adults.

Also, the CF Hotline remains an important resource for CF care center staff for information on the rights of their patients as 1 in 3 calls is from a member of a CF Center team.

The number of calls related to health insurance coverage has decreased as the Affordable Care Act has made obtaining and maintaining health coverage easier.

Information on maintaining Social Security benefits or understanding complex benefit eligibility criteria is critical to many with CF who rely on benefits for monthly income support and access to health insurance coverage. Callers repeatedly reported difficulty accessing correct information about Social Security benefits until they spoke to the CF Hotline. Nearly half of all callers had questions about Social Security benefits or eligibility, and nearly half who called about health benefits inquired about Medicare or Medicaid benefits.

Based on reports from callers it is clear that without access to the CF Hotline the most vulnerable members of the CF community would be at risk of becoming homeless or have no access to the crucial healthcare they need to fight CF.
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**A FOCUS ON STUDENTS WITH CF: DEVELOPING A PROGRAM TO PROMOTE ACADEMIC SUCCESS**

[Filigno, S.S.]{.ul}; Kiger, M.; Miller, J.L.; Moore, S.; Stamper, S.; Boat, T. *Cincinnati Children\'s Hosp Med Ctr, Cincinnati, OH, USA*

**Objective:** Exciting advancements in the medical care of cystic fibrosis have led to an extension in the lifespan of patients with CF. Therefore optimizing early and ongoing successful engagement in education is critical in order to prepare individuals to learn essential skills that promote self‐supporting and fulfilling lives. In spite of the awareness of great need for support to be successful in the academic setting, a school intervention coordination model does not currently exist in our CF center to provide the systematic preventative educational resources to patients, families, and schools that promote engagement, collaboration, and academic success. This abstract describes the rationale for the development of this academic success program and primary outcomes measurement.

**Method:** A planned pilot project informed by a thorough needs assessment is necessary to determine how to develop the key tools and processes, right‐size the program, embed the program through innovation into CF care, and spread learning to other CF centers. We are developing this program to assist patients and families to more effectively interface with schools and to create a learning environment where the student with CF can achieve academic outcomes aligned with aptitude and develop optimal social‐emotional functioning. This program development is informed by key stakeholders including parents of students with CF, hospital school intervention staff and institution leadership, and CF multidisciplinary team members. Specific goals include: 1) ensuring schools receive education about how CF can impact health, learning, and socialization, 2) systematically helping families and schools develop 504 and IEP plans with the appropriate accommodations and ensuring successful execution of plans, and 3) coordinating timely academic and achievement/cognitive testing as needed.

**Results:** Proposed outcomes include: 1) increased percentage of patients with IEP/504 plans with appropriate accomodations, 2) decreased academic/school stress for parents and students, 3) improved academic performance, 4) increased school attendance, 5) improved child QOL, and 6) improved treatment adherence.

**Conclusions:** Increased attention to the promotion of academic success is greatly needed in comprehensive CF care given the proximal and distal cognitive, socioemotional, and behavioral outcomes associated with academic success. Much of the attention to academic issues within CF care is managed by social work and other members of the team who likely do not have the educational background and key experience working in the school environment that is often underresourced. This program is one of the current primary initiatives within our Center\'s CF WELL: Cystic Fibrosis Wellness, Education and Learning Laboratory, with support from the Boomer Esaison Foundation. The program has great potential to produce the empirical knowledge of what is needed to address the academic needs of students with CF and their families to ensure that students achieve according to their potential, and build skills and the confidence that they can successfully prepare for a fulfilling vocation and independent living as adults.
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**DEPRESSION AND ANXIETY ASSOCIATE WITH PAIN AND DYSPNEA BUT NOT FEV1 IN THE MOUNTAIN WEST**

[Daines, C.]{.ul} ^1^; Brown, P.^2^; Chatfield, B.A.^3^; Heynekamp, T.R.^4^; Lysinger, J.^5^; Nakamura, C.^6^; Radford, P.^7^; Sagel, S.D.^8^; Taylor‐Cousar, J.L.^9^; Quittner, A.L.^10^; Lechtzin, N.^11^; Keogh, R.H.^12^; Szczesniak, R.D.^13^; Elborn, J.S.^14^; Liou, T.G.^3^ *1. Pediatric Pulmonary Medicine, University of Arizona, Tucson, AZ, USA* *; 2. CF Center of Idaho, Boise, ID, USA* *; 3. Univ of Utah, Salt Lake City, UT, USA* *; 4. Univ of New Mexico, Albuquerque, NM, USA* *; 5. Billings Clinic, Billings, MT, USA* *; 6. Las Vegas CF Center, Las Vegas, NV, USA* *; 7. Phoenix Children\'s Hospital, Phoenix, AZ, USA* *; 8. University of Colorado, Denver, CO, USA* *; 9. National Jewish Health, Denver, CO, USA* *; 10. Univ of Miami, Miami, FL, USA* *; 11. Johns Hopkins Univ, Baltimore, MD, USA* *; 12. The London School of Hygiene and Tropical Medicine, London, United Kingdom* *; 13. Univ of Cincinnati, Cincinnati, OH, USA* *; 14. Queens Univ Belfast, Belfast, Ireland*

**Introduction:** Depression and anxiety are common in CF. To better understand the symptoms related to both, we measured these conditions within an observational study of sputum biomarkers. The relationships between anxiety and depression with pain, dyspnea, food insecurity, and pulmonary status were explored.

**Study Design:** Randomized prospective observational cohort study of patients with CF who produce sputum.

**Methods:** We randomly selected and recruited patients ≥12 years of age that expectorate sputum from accredited CF centers in Arizona, Colorado, Idaho, Montana, Nevada, New Mexico, Utah, and Wyoming. Randomization of stable patients reduced seasonal, center‐specific and high‐acuity‐specific biases. We collected sputum and used REDCap to record clinical data at enrollment. Patients were recruited during the 1‐year enrollment period. Demographics, vital signs, lung function, PHQ‐8, GAD‐7, pain assessment and quality of life parameters of dyspnea and food insecurity were collected at enrollment.

**Results:** Depression is associated with anxiety (p\<0.001), having dyspnea (p=0.04) and pain (p=0.01); but is not associated with FEV1% predicted (p=0.47), despite the association of FEV1% with dyspnea (p\<0.001). Findings for anxiety were significantly associated in the same pattern. Anxiety is associated with depression (p\<0.001), dyspnea (p\<0.001), and pain (p\<0.001), but not FEV1% (p=0.7). Pain is associated with depression (p=0.02) and food insecurity (p\<0.01); food insecurity has 1.65 times the contribution of depression. No associations were found between pain or dyspnea and anxiety (p=0.11 and 0.65, respectively).

**Conclusion:** Our results clearly demonstrate that depression, anxiety, dyspnea and pain cluster together. Interestingly, there is no association between this cluster and FEV1, indicating that dyspneic patients are often depressed regardless of FEV1.

Supported by: CFF (LIOU13A0).
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**PROCESS IMPLEMENTATION FOR STANDARDIZED MENTAL HEALTH SCREENING IN A PEDIATRIC CF CENTER: A TEAM‐BASED APPROACH**

[Ong, T.]{.ul} ^1^; Cogen, J.^1^; Cassidy, J.^2^; Lew, A.^2^; Vajda, J.^2^; Nelson, B.^2^; Gibson, R.L.^1^ *1. Pediatrics, Division of Pulmonary and Sleep Medicine, University of Washington/Seattle Children\'s Hospital, Seattle, WA, USA* *; 2. Seattle Children\'s Hospital, Seattle, WA, USA*

**Background:** Untreated depression and anxiety have risks of increased morbidity for people with CF and their families. Recently published international guidelines recommend CF care teams integrate standard depression and anxiety screening (PHQ‐9, GAD‐7) into clinical practice. The Seattle Children\'s Hospital (SCH) CF Center serves 200 children from diverse geographic regions and 46.5% are publically insured. In 2007, 17% of adolescents at our center reported mood symptoms including sadness and anxiety, and nearly 15% had thoughts of suicidality or self‐injury. Despite these concerns, we had not established a standard process to screen and coordinate care for mental health issues.

**Objective:** To implement a centralized process to screen, monitor, and coordinate care for depression and anxiety in CF adolescents.

**Methods:** Our multidisciplinary CF quality improvement (QI) team developed a mission to improve mental health care coordination in CF clinic with the primary aim to screen 80% of adolescents through PHQ‐9 and GAD‐7 tools by December 2017. Funding was awarded from CF Foundation (CFF) for support of a Mental Health Coordinator (MHC) and SCH psychiatry and psychology consultation. Two CF parents and colleagues from the SCH Department of Psychiatry joined our QI team. In monthly meetings, we reviewed algorithms and screening methods from external clinics. Parent input from the QI team and the parent advisory council recommended an electronic platform to improve adolescent engagement with tablet interfaces. Outcomes Monitoring and Analytics Platform (The OWL) is an electronic screening and tracking platform chosen to enable the team to assess behavioral health status through instant scoring and secure tracking of PHQ‐9 and GAD‐7. Graphs are available in real‐time for the MHC to review trajectory with families and determine best avenues of care. Opportunity exists to link caregiver and child accounts and automate notifications to complete screening prior to clinic.

**Results:** Social stigma of mental health problems was considered as a major barrier to screening initiation. Parental input recommended in‐person introduction of mental health screening in CF clinic visits to normalize mental health care. A letter introducing the importance of mental health screening and the CFF parent educational handout were distributed to families. The QI team created a process map outlining screening procedures for the clinical team. MHC introduction of mental health screening began in May 2016 with PHQ‐9 and GAD‐7 anticipated to launch in June 2016. Algorithms will be subjected to repeated cycles of improvement. Scoring will be reviewed weekly by the MHC with psychology consultation. The screening rate and aggregate PHQ‐9 and GAD‐7 scores will be available by October 2016.

**Conclusion:** Although time‐intensive, we have developed a mental health screening process enriched by valuable parental input and psychology collaboration that may be sustainable for the CF clinical team.
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**THE EFFECT OF AURICULAR ACUPUNCTURE ON ANXIETY AND DEPRESSION SCORES IN CYSTIC FIBROSIS PATIENTS**

Innes, S.J. *Cystic Fibrosis, Queen Elizabeth University Hospital Glasgow, Glasgow, United Kingdom*

**Introduction:** Symptoms of anxiety and depression are experienced more frequently in patients with chronic conditions such as cystic fibrosis (CF). The consequences of these symptoms reduce rates of adherence and increased morbidity. The purpose of this study was to determine the effectiveness of auricular acupuncture in reducing anxiety and depression scores in CF patients.

**Method:** The study included 7 randomly selected patients (4M, 3F) with a diagnosis of CF. The GAD‐7 and PHQ‐4 questionnaires were used pre‐ and post‐treatment as standardised and valid outcome measures for anxiety and depression. Press‐acupuncture needles (size 0.2mm x 1.5mm) were inserted bilaterally at the "shenmen" point, found in the triangular fossa of the ear, for one week. Patients were instructed to stimulate by touch when feeling symptoms of anxiety and depression. Patient returned the following week for removal of press‐needle and to repeat questionnaires.

**Results:** The scores from the PHQ‐4 questionnaire showed that 100% of patients scores reduced by 1‐7 points. With this questionnaire 57% of patients reduced to a lower category of symptom severity. The results of the GAD‐7 questionnaire showed that 86% of patient scores reduced by 4‐12 points. From this it was found that 71% of patients reduced to a lower category of symptom severity. No adverse effects were experienced and all of the press‐needles stayed in for the duration of the week.

**Conclusion:** Despite the small sample size it was evident that all patients who completed the study reduced their anxiety and depression scores in at least one of the questionnaires. More significantly, some patients dropped two categories of severity from moderately severe to mild (GAD‐7) and moderate to normal (PHQ‐4). Patients scoring higher on their initial questionnaire appear to respond better to this treatment; with this in mind we should consider auricular acupuncture as an adjunct to treatment in CF patients with high anxiety and depression scores. This could be a valuable adjunct to physiotherapy treatment which takes a more holistic approach and could help reduce the amount of medication required by a patient. With this technique the patient is responsible for pressing the acupuncture needle as little or as often as required/wanted, thus giving the patient more control of their own care. This can lead to improved adherence and improved quality of life.
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**WHICH ADULT PATIENTS ATTEND CYSTIC FIBROSIS CLINIC REGULARLY?**

[Chin, M.]{.ul} ^1^; Sherrard, L.^2^; Knibbs, L.^3^; Wood, M.E.^1,2,3^; Stonestreet, J.^1^; Bell, S.C.^1,2,3^ *1. The Prince Charles Hospital, Brisbane, QLD, Australia* *; 2. QIMR Berghofer Medical Research Institute, Brisbane, QLD, Australia* *; 3. University of Queensland, Brisbane, QLD, Australia*

**Background:** Current guidelines recommend that patients with cystic fibrosis (CF) attend specialized clinics 4 times per year based on the finding that more frequent clinic visits were positively associated with higher lung function. However, historically, adherence to these guidelines has been variable and ranged from 35% to 90% in pediatric clinics. Patients attending The Prince Charles Hospital (TPCH) CF clinic are spread over a large geographic area and travel up to 2400km to be seen. This undoubtedly places an additional burden to the patient that is somewhat offset by outreach and telehealth clinics. The objective of this study was to identify the proportion of adult patients attending TPCH CF clinic the recommended 4 times per year, and to determine if adherence to this guideline was associated with any clinical characteristics, higher lung function and/or increased hospitalizations.

**Methods:** All patients registered in the CF clinic at TPCH in 2014 who attended the clinic were included in this retrospective study (*n*=278). Any patient who was transplanted, transferred between centers, lost to follow‐up or died was excluded. The patients were divided into adherent (attended the clinic ≥4 times) and nonadherent (attended clinic \<4 times) groups. Continuous variables of the two groups were compared using independent t‐tests and categorical variables by chi‐square analysis.

**Results:** In 2014, 240 patients were included in this analysis. Of those, 161 (67%) attended clinic on ≥4 occasions. There was no difference in mean (SD) age, BMI, or FEV~1~ between the adherent and nonadherent patients (age: 29.4±8.8 vs 31.2±11.6 years (*p*=0.185), BMI: 23.2±4 vs 24.1±5.2 kg/m^2^ (*p*=0.228), FEV~1:~ 66.2±22.5 vs 68.3±22.4 %predicted (*p*=0.506)). In addition, there was no difference in the proportion of male patients (53% vs 63% (*p*=0.161)), patients who were F508del homozygous (49% vs 37% (*p*=0.102)), or the prevalence of CF‐related diabetes (32% vs 30% (*p*=0.879)) or pancreatic insufficiency (88% vs 82% (*p*=0.342)) between the adherent and nonadherent patients. There was, however, a significant difference between the groups in the number of hospitalizations (*p*\<0.001), the number of days in hospital (*p*\<0.001) and the prevalence of chronic *P. aeruginosa* (Pa) infection (*p*\<0.001). The patients in the adherent group were admitted an average of 2.1±2.5 times in 2014 and 26.3±33.3 days vs the nonadherent group (mean of 1±1.3 admission and 12.6±18.9 days) and 89% of adherent patients were chronically infected with Pa vs 70% of nonadherent patients. There was an association between living remotely (\>3h from the clinic by road, *n*=59) from the clinic and failure to attend (*p*\<0.001).

**Conclusions:** Despite universal guideline recommendations that patients with CF attend clinic 4 occasions per year, only 67% of patients at the TPCH reach this goal. There was an association between the recommended clinic attendance and more frequent hospitalization, more days in hospital, and chronic Pa infection. The only factor associated with nonattendance was distance from the clinic.

Melanie Chin is supported by the Ontario Lung Association and Cystic Fibrosis Canada.
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**DESIGNING A ROADMAP FOR TRANSITION IN A SMALL CF CENTER**

Cooney, K. *Pediatrics, Rhode Island Hospital/Hasbro Children\'s Hospital, Providence, RI, USA*

**Introduction:** In 2002 the Rhode Island Hospital CF Center established a separate adult program with a case‐based transition process. In 2011, due to staffing changes, 14 patients, ages 19 to 27 years old, were transitioned abruptly to the adult provider. As a result, the care team set out to identify a process for supportive and timely transfer to adult care.

**Objective**: To design and implement a patient‐ and family‐centered process to improve patient and family experience of transition from pediatric to adult care.

**Method**: In 2012, the CF care team determined the need for a clear transfer protocol with a system for communication and documentation. The team established a target age of 18 years old for transfer to adult care. The process required patient/family involvement and sufficient support given the intensity of the patient/provider relationship in the pediatric years. A Transition Coordinator (TC)was identified from the team to review cases at preclinic meetings, facilitate communication and track progress. Informal feedback was obtained from patients and families.

**Results**: Communication, tracking and documentation were challenging and required an identified TC participating on both teams. Modifications made to the protocol allowed for an introductory visit with the adult provider prior to the final pediatric visit but clarified that these visits did not replace routine care. Patient and parent feedback identified key components that impact successful transfer including continued parent involvement throughout the process and adult consultation to pediatric inpatient admissions. In 2014 the final protocol for transition from pediatric to adult provider was implemented:

Routine care for pediatric patients will include age‐appropriate assessment of transition readiness.

Transition readiness and transfer plans of patients \>13 years of age will be discussed at pediatric preclinic meetings.

The TC will document and notify adult provider of patients approaching transfer.

At the clinic visit following the 16th birthday, transfer to adult care will be discussed with patient/family and a date for an initial visit with adult provider will be established.

The patient will have an initial visit with the adult provider, to review the history and plan for care. An initial visit will not follow an inpatient admission. Any concerns about transfer after the initial visit will be discussed with pediatric providers and a written plan established.

The TC will inform adult provider of plans.

The pediatric provider will remain the primary provider until the final visit with patient. Pediatric provider will document transfer of care in the EMR and inform the TC and adult providers. Pediatric provider will email transition coordinator and adult providers that patient has completed final visit.

Patients eligible for transfer will be oriented to adult inpatient care if hospitalized in the preceding year.

Inpatient pediatric admissions after age 17 will include consultation by adult CF provider. Initial inpatient admissions to adult service may include consultation by the pediatric provider as needed.

**Conclusion:** A patient‐ and family‐centered transfer protocol with a tracking system is necessary to ensure successful and timely transition to adult care. The process is best facilitated by an identified Transition Coordinator.
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**THE EFFECT OF COMORBID CYSTIC FIBROSIS AND ATTENTION DEFICIT/HYPERACTIVITY DISORDERS ON HOSPITALIZATIONS: A RETROSPECTIVE REVIEW**

[Legare, T.]{.ul} ^2^; Spitzer, N.A.^2^; Livingston, F.^1^ *1. Nemours Children\'s Hospital, Orlando, FL, USA* *; 2. University of Central Florida College of Medicine, Orlando, FL, USA*

**Introduction:** Cystic fibrosis (CF) is a common life‐shortening autosomal recessive disorder that requires complex treatment. Treatment adherence is an important factor in determining the outcome of treatment and complications. Attention deficit/hyperactivity disorder (ADHD) is the most common pediatric psychiatric diagnosis that presents with inattention, hyperactivity, and concentration difficulties. There is a paucity of research on the effects of comorbid CF and ADHD diagnoses. It has been shown that the prevalence of ADHD in the CF population mirrors that of the general population, but the effects of ADHD on CF treatment and outcomes has not been thoroughly investigated.

**Methods:** A retrospective chart review with two cohorts, comorbid ADHD/CF and CF‐only patients were identified using ICD9 codes. Each patient that was identified to have ADHD/CF was age‐ and sex‐matched to a CF‐only patient based on their most recent pulmonary office visit. Each chart was then reviewed for forced expiratory volume in one second percent predicted (FEV‐1%ile), body mass index (BMI) percentile, and hospitalizations for one year prior to the last pulmonary visit.

**Results:** A total of 46 patients were identified and were included for analysis in the ADHD/CF cohort. The primary outcome of mean total hospital admissions between the ADHD/CF cohort and the CF‐only cohort were different, but not statistically significant (2.22 vs 1.834, p=.467). The difference between BMI percentile was also not statistically significant (48.634 vs 38.634, p=.135). The difference between the FEV‐1%ile was statistically significant at 84.70% for the ADHD/CF group and 74.76% for the CF‐only group (p=.042).

**Conclusion:** While the difference in total hospital admissions between the ADHD/CF cohort and the CF‐only cohort did not reach statistical significance, the study was underpowered. There was a significant difference between the FEV‐1%ile between the two groups, interestingly in favor of the comorbid ADHD/CF population. More research is needed to further elucidate the effects of a comorbid ADHD diagnosis on outcomes in the CF pediatric population.
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**FURTHER EVOLUTION: THE THIRD YEAR OF DEPRESSION SCREENING AND STEPPED CARE TREATMENT TO IMPROVE MENTAL HEALTH OUTCOMES IN A CF CENTER**

[Smith, B.A.]{.ul} ^1,2^; Cogswell, A.^1^; Roach, C.M.^2^ *1. Dept of Psychiatry, State Univ of NY at Buffalo, Buffalo, NY, USA* *; 2. Dept of Pediatrics, State Univ of NY at Buffalo, Buffalo, NY, USA*

**Introduction:** Studies of patients with CF have generally found higher rates of depression than in the general population. The International Depression/Anxiety Epidemiological Study recruited 6088 patients with CF; depressive symptoms were reported by 10% of adolescents and 19% of adults (Quittner AL, et al. Thorax. 2014;69:1090‐7). Based on the prevalence and burden of depression, annual screening has been recommended by the CF Foundation and European CF Society Guidelines Committee on Mental Health (Quittner AL, et al. Thorax. 2016;71:26‐34). Our CF center designed and implemented a standardized process to screen depression in patients with CF and provide interventions tailored to the severity of depression.

**Methods:** Beginning in 2013, patients with CF age ≥ 12, were assessed annually for symptoms of depression using a two‐stage protocol with a two‐question screen followed by a lengthier instrument to reduce the burden of applying a full diagnostic instrument to the entire CF clinic. Patients were assessed using the Patient Health Questionnaire (PHQ)‐2; those with a score ≥ 3, were screened for additional symptoms of depression, depression severity and suicidality using the PHQ‐9. Patients who screened positive for suicide risk (question 9 on the PHQ‐9) where further assessed using the Columbia Suicide Severity Rating Scale. Patients with a PHQ‐9 score ≥ 5 or with suicide risk completed a clinical assessment. Treatment was tailored to the severity of depressive symptoms. Those with a score of 5‐9 (mild) received education and support; those with a score of 10‐14 (moderate) received education/support and a referral for evidence‐based psychotherapy (EBP); those with a score of 15‐19 (moderately depressed) received EBP and/or antidepressant therapy (SSRI); those with a score ≥ 20 (severe) received EBP and SSRI. Depression treatment outcomes were monitored using the PHQ‐9, with stepped‐care protocols for patients not improving.

**Results:** During this 3‐year period, there were 28 adolescents in the pediatric program and 99 adults in the adult program. 9 youth (32%) required a PHQ‐9: mild (1), moderate (7) and moderately severe (1). There were 8 referrals for EBP (1 refused) and 4 patients were prescribed antidepressants. With the stepped‐care protocol 44% allocated to treatment scored in the negative range on the PHQ‐9, 22% had reductions in depression severity, and 33% remain in the stepped protocol. Of the adults, 21% screened positive on the PHQ‐2 triggering our algorithm: negative (1), mild (9), moderate (6), moderately severe (3) and severe (2). Of those allocated to treatment 50% scored in the negative range on PHQ‐9, 35% had reductions in depression severity, and 15% remain symptomatic and continue in the stepped‐care algorithm.

**Conclusions:** Our findings suggest that depression screening and a stepped‐care treatment model is a feasible and effective way to monitor and treat depressive symptoms in patients with CF and offers a framework for adolescent and adult CF programs.

**Acknowledgement:** Supported by CFFT grant SMITH14Q10. Buffalo Depression Team: Carla Frederick MD, Danielle Goetz MD, Lynne Fries PA‐C, Kimberly Rand LMSW, and Drucy Borowitz MD.
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**COACH TO COPE: FEASIBILITY OF A COACHING INTERVENTION FOR YOUNG ADULTS WITH CYSTIC FIBROSIS**

Knudsen, K.B.^1^; Pressler, T.^1^; Mortensen, L.H.^2^; Boisen, K.A.^1^; Skov, M.^1^; [Quittner, A.L.]{.ul} ^3^; Katzenstein, T.^1^ *1. Rigshospitalet University Hospital, Copenhagen, DK, Denmark* *; 2. Department of Public Health, University of Copenhagen, Copenhagen, Denmark* *; 3. Department of Psychology, University of Miami, Miami, FL, USA*

**Background**: Over the last two decades, physical health has improved significantly among people with cystic fibrosis (CF) and most manage to obtain an education, get a job and have a family of their own. However, several studies have demonstrated that many young adults with CF have mental health problems and low rates of adherence to prescribed treatments, which affects their physical health. Treatment guidelines recommend interventions to improve self‐management and adherence to therapies. Interventions centered on patient self‐management are focused on motivating patients to take control of their own care and make behavioral changes. We examined whether life coaching was an effective intervention to promote these goals. The aim of this study was to test the feasibility of a life coaching‐intervention in adults with CF.

**Methods**: A randomized, controlled feasibility study was conducted. Participants were eligible to participate if they were diagnosed with CF, aged 18‐30 years and had no intellectual impairment. All participants were treated at the CF center using standard of care and were randomized to either coaching or no coaching. Life coaching methods were utilized focusing on the person\'s daily activities, challenges and well‐being. All coaching themes were chosen by the individual participant. The intervention consisted of up to 10 individual face‐to‐face or telephone coaching sessions with a certified coach. Primary outcome for this feasibility trial was recruitment, acceptability, adherence to the intervention and retention rates. Secondary outcomes included health‐related quality of life, adherence to treatment, self‐efficacy, pulmonary function, BMI and blood glucose values.

**Results:** Among 89 eligible participants, 40 were randomized (45% recruitment rate). Participants attended an average of 6 coaching sessions (range 1‐10). Coaching was primarily face‐to‐face (68%) and lasted, on average 57 minutes (range 20‐110 minutes), while the telephone coaching (32%) was shorter and lasted, on average 28 minutes (range 5‐60 minutes). Those who dropped out (30%) did so before the 5th session. Retention rates after five and 10 coaching sessions were 60% and 45%, respectively. Reasons for drop‐out were most often: a lack of need, perceived lack of efficacy, or lack of time. No significant differences between the coaching and control group were found on any of the secondary outcomes, but the sample size was not powered to find these differences.

**Conclusions:** The recruitment rate for this study was high, indicating that individuals with CF were interested in getting assistance with managing their life with a disease. Both coaching methods (face‐to‐face, phone‐based) were acceptable to these individuals and almost half of the participants completed all 10 coaching sessions. In contrast, the relatively high dropout rate *early* in the intervention is concerning. In future studies, we recommend that eligible participants are screened for their perceived need for support before inclusion in the coaching intervention.

**Funding:** Supported by an unconditional grant by Gilead.

**709**

**DEVELOPMENT OF THE ADHERENCE BARRIERS QUESTIONNAIRE‐CYSTIC FIBROSIS (ABQ‐CF): FREQUENTLY ENDORSED BARRIERS FROM OPEN‐ENDED INTERVIEWS**

[Quittner, A.L.]{.ul} ^1^; Pedreira, P.B.^1^; Bernstein, R.^1^; McLean, K.A.^2^; Nicolais, C.J.^1^; Saez‐Flores, E.^1^; Riekert, K.A.^3^ *1. Psychology, Univ of Miami, Coral Gables, FL, USA* *; 2. Rush Univ Medical Center, Chicago, IL, USA* *; 3. Medicine, Johns Hopkins Univ, Baltimore, MD, USA*

**Objectives:** Treatment burden for patients with CF remains high, despite major advances in the diagnosis and treatment of this disease (Sawicki GS, et al. J Cyst Fibros. 2009;8:91‐6). As a result, adherence to most CF regimens is at or below 50% for both adolescent and adult patients (Quittner AL, et al. Chest. 2014;146:142‐51). Poor adherence is associated with negative health outcomes, such as increased morbidity and earlier mortality (Eakin MN, et al. J Cystic Fibros. 2011;10:258‐64). This study describes the first step in the development of the Adherence Barriers Questionnaire‐Cystic Fibrosis (ABQ‐CF), a CF‐specific, standardized measure of barriers to adherence for pediatric and adult patients.

**Methods:** Following the FDA guidance on the development of PROs (2009), open‐ended interviews were conducted to elicit both cross‐cutting and treatment‐specific barriers with pediatric patients (N=14, M age= 15.57, SD= 3.01, 71% female, 28% Hispanic/Other, 72% Caucasian, non‐Hispanic), adults (N=14, M age = 30, 64% female, 43% Hispanic/Other, 57% Caucasian, non‐Hispanic, 64% income below \$40,000, 50% public insurance), and caregivers (N=26, 61% age below 50, 75% female, 29% Hispanic/Other, 71% Caucasian, non‐Hispanic, 21% income below \$40,000, 18% public insurance) at CF centers in Baltimore, Chicago, and South Florida. Audiotapes were transcribed and coded using NVivo to identify relevant themes and generate saturation grids. A separate one‐way analysis of variance (ANOVA) was conducted to examine differences in the frequency of endorsement of barriers between pediatric patients and caregivers (combined to represent Pediatric Group) vs Adult Group.

**Results:** Across participants, themes were retained if at least 50% of the Group endorsed the barrier. Themes were endorsed at the following rates (Pediatric%/Adult%): 1) Daily Habits or Routines (98%/100%), 2) Treatments (90%/93%), 3) Cost or Access (78%/79%), 4) Energy (55%/71%), 5) Social (63%/71%), 6) Vacation or Travel (88%/71%), 7) Attitudes and Beliefs (58%/64%), and 8) Mental Health (55%/50%). Results from ANOVAs run on each theme demonstrated no statistically significant differences in endorsement between groups (F(1, 53) = 0.01 -- 1.93, *p* = 0.17 -- 0.94).

**Conclusion:** The two most frequently endorsed barriers were Daily Habits and Routines (eg, time management) and Treatments (eg, side effects). Results indicated comparable endorsement between themes in the Pediatric and Adult Groups. Although not significant, a few differences at this level of coding emerged. Adults reported more energy‐related barriers and the Pediatric Group reported more travel barriers. Despite similar frequencies in global themes, differences were observed within themes, indicating important distinctions between the Pediatric and Adult groups. These differences highlighted the importance of developing separate measures for pediatric patients/caregivers vs adults. Using saturation grids derived from the content analysis phase, draft versions of the ABQ‐CF for the Pediatric and Adult Groups will be developed.

Supported by the Cystic Fibrosis Foundation.

**710**

**COMPARISON OF PEDIATRIC PATIENT AND CAREGIVER TREATMENT BARRIERS ELICITED FROM OPEN‐ENDED INTERVIEWS**

[Quittner, A.L.]{.ul} ^1^; Pedreira, P.B.^1^; Bernstein, R.^1^; McLean, K.A.^2^; Saez‐Flores, E.^1^; Nicolais, C.J.^1^; Riekert, K.A.^3^ *1. Psychology, Univ of Miami, Miami, FL, USA* *; 2. Rush Univ Medical Center, Chicago, IL, USA* *; 3. Johns Hopkins Univ, Baltimore, MD, USA*

**Objectives:** Studies have shown better adherence to CF medications in early adolescence (11‐13 years), when parents assume greater responsibility for treatments. This significantly declines around age 14, as adolescents assume greater responsibility for their treatments, receive less parental supervision, and transition into adult care (Modi AC, et al. Child Health Care. 2008;37:78‐92; Quittner AL, et al. Chest. 2014;146:142‐51; Zindani GN, et al. J Adolesc Health. 2006;38:13‐7). To effectively target interventions to improve adherence, comparisons between the barriers endorsed by adolescents and their caregivers should be assessed. We conducted open‐ended interviews with teens and caregivers to complete the first step of instrument development for the Adherence Barriers Questionnaire‐Cystic Fibrosis (ABQ‐CF), and then compared the frequencies of these barriers across groups.

**Methods:** Open‐ended interviews were conducted with *adolescents* (N=14, ages 11‐20, M age= 15.57, SD= 3.01, 71% female, 28% Hispanic/Other, 72% Caucasian, non‐Hispanic) and *caregivers* (N=26, 75% female, 61% age below 50, 29% Hispanic/Other, 71% Caucasian, non‐Hispanic, 21% income below \$40,000, 18% public insurance), including 18 dyads. Audiotapes were transcribed and coded in NVivo to identify relevant themes. A separate one‐way analysis of variance (ANOVA) was used to compare the respondents\' endorsement of barriers.

**Results:** Significant differences were found between adolescents and parents in three themes (See Table). Nearly one‐third of both adolescents (29%) and parents (31%) reported not doing treatments because of its perceived ineffectiveness, and a large majority of teens (79%) reported that sleep interfered with treatment completion, with only 38% of caregivers mentioning this. Half of pediatric patients and 42% of caregivers reported that setting up, cleaning, and maintaining equipment is burdensome and affects adherence. None of the pediatric patients reported that transitioning into adult care is an issue, but 35% of the caregivers endorsed this barrier.

**Conclusion:** Although there was substantial agreement between both adolescents and parents on a majority of barriers, differences were also documented. Although adolescents offer a first‐person account, caregivers provided valuable insight into topics adolescents do not mention, such as financial concerns. These data will be used for item generation, followed by cognitive testing and then a national psychometric validation. The goal is to utilize these measures of treatment barriers to deliver tailored interventions to improve adherence.

Supported by the Cystic Fibrosis Foundation.
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**711** **▴**

**PRESENTING PATIENTS\' EXPERIENCES OF CF CLINIC THROUGH VERSE: GETTING TO THE HEART OF WHAT MATTERS TO THEM**

MacDonald, K. *Nursing, Queen Margaret University, Musselburgh, Edinburgh, United Kingdom*

**Background:** Dissemination of research findings can take many forms, but is usually through publication in peer‐reviewed journals and through presentations at conferences. This paper takes a different approach.

**Aim:** The aim of this paper is to share findings from a CF study through the medium of verse. The study explored the perceptions of partnership between young people with CF and the CF team and their experiences of negotiating care.

**Methods:** Adopting a Descriptive Interpretive approach ten young people with CF, two carers and twelve practitioners were observed and interviewed during and after the CF clinic in a large teaching hospital. Data were analysed using "Framework," a matrix‐based analysis approach.

**Results:** Themes of the ceremonial order of the clinic, normalcy, adherence to treatment, emotional labour and the expert patient are revealed.

**Conclusions:** Reactions to date suggest that the poetry is a powerful medium through which to deliver key messages of the research. It can convey meaning accessibly in a short time span and gets to the heart of the matter, by placing the listener in the patient\'s stream of consciousness.

**712** **▴**

**ETHICAL CONSIDERATIONS FOR IMPLEMENTING CAREGIVER MENTAL HEALTH SCREENING WITHIN PEDIATRIC INSTITUTIONS**

[Blair, S.D.]{.ul}; Gardner, L. *Emory Children\'s Pediatric CF Program, Children\'s Healthcare of Atlanta, Atlanta, GA, USA*

**Introduction:** In response to compelling data from a large international study demonstrating high prevalence of depression and anxiety in both individuals with CF and parent caregivers, the Cystic Fibrosis Foundation developed recommendations for incorporating mental health screening into routine CF care. Screening is recommended for individuals with CF and parent caregivers with a child with CF age 17 or younger (Quittner AL, et al. Thorax. 2015: doi: 10.1136/ thoraxjnl‐2015‐207488).

**Aim:** The focus of this abstract is the exploration of potential legal and ethical issues that may arise in pediatric institutions, when implementing the caregiver screening component of the guidelines.

**Method:** A large pediatric CF care center\'s experience in implementing caregiver screening is chronicled using steps in the PLUS model for ethical decision making (Morrison E.E. (2006). Sudbury, MA: Jones and Bartlett.). Consideration of HIPAA law and ethical principles such as autonomy, privacy, and informed consent are explored in this context. Tips are provided for navigating these issues while advocating for implementation within healthcare institutions. Protocols and resources developed in the course of this CF care center\'s process of initiating caregiver screening are shared.

**Conclusion:** Ultimately, implementation of caregiver screening requires additional efforts on the part of CF care centers in helping pediatric focused institutions understand the rationale of caregiver screening and its role in improving overall CF care management. Care centers must, 1) be ready for dialogue around legal/ ethical issues posed by their institutions, and 2) be able to creatively work toward a process of implementation that reflects patient/family centered care and remains within the scope of practice defined by their respective pediatric institutions.

**713**

**ACCEPTANCE AND COMMITMENT THERAPY WITH CYSTIC FIBROSIS: A TELEHEALTH PILOT STUDY**

[Wolfe, W.]{.ul} ^2^; O\'Hayer, C.V.^2^; Taylor, D.^1^; Stephen, M.J.^1^ *1. Pulmonary and Critical Care, Drexel University College of Medicine, Philadelphia, PA, USA* *; 2. Psychiatry, Drexel University College of Medicine, Philadelphia, PA, USA*

**Introduction:** Cystic fibrosis patients have up to 4 times the normal prevalence of major depressive disorder and up to 5 times that of anxiety disorders (Riekert KA, et. al. Pediatr Pulmonol. 2004;38(S27):356). This negatively impacts respiratory function (Besier T, et al. J Cyst Fibros. 2008;7:S107), health‐related quality of life (Havermans T, et al. J Cyst Fibros. 2008;7:581‐4), and treatment adherence, while also increasing healthcare costs (Snell C, et al. Pediatr Pulmonol. 2014;49:1177‐81). We propose that brief intervention with Acceptance and Commitment Therapy (ACT; Hayes SC. Behav Ther. 2004;35:639‐65), will reduce depression and anxiety in CF patients, improving clinical outcomes including treatment adherence. ACT increases acceptance of painful emotions, thereby eliminating the need for behaviors designed to reduce or avoid anxiety and depression (eg, not taking medications to avoid thinking about having CF). ACT has proven successful in managing chronic pain (McCracken LM, et al. Eur J Pain. 2006;10:23‐9), smoking (Gifford EV, et al. Behav Ther. 2004;35:689‐705), and substance use (Hayes SC, et al. Behav Ther. 2004;35:667‐88).

**Methods:** Adults with CF underwent 6 weekly ACT sessions in person or via telehealth (patients who live far away or whose health prevents travel can receive ACT at home). Sessions encouraged patients to move toward their core values, despite barriers such as anxiety, depression and illness exacerbation. Participants completed psychometric measures of depression (PHQ9), anxiety (GAD‐7), quality of life (CFQR), treatment adherence, coping skills, and others at baseline, after 3 weeks and 6 weeks of ACT, and 3 months later.

**Results:** A total of 60 patients completed the initial screening questionnaires. Anxiety and depression were endorsed by 46.3% and 44.4% on these initial questionnaires. Of these patients, 7 subjects (11.7%) opted to participate in ACT: 42.9% in person, and 57.1% via telehealth. To date, 4 subjects have completed 3 sessions, and 2 patients have completed all 6 sessions of ACT. Anxiety decreased in 100% and depression decreased in 86% of participants. All patients who received 1 session of ACT were retained to complete all scheduled sessions. There were no significant differences in outcomes between telehealth and in‐person participants.

**Conclusions:** ACT is well‐received by patients with CF, in person and via telehealth, improving ability to cope with anxiety and depression, thereby accepting and managing CF more effectively.

Supported by CFF.

**714**

**SLEEP‐DISORDERED BREATHING AND DAYTIME ATTENTIONAL CAPACITY IN CHILD AND ADOLESCENT CYSTIC FIBROSIS PATIENTS**

[Sarau, A.]{.ul} ^1^; Livingston, F.^2^ *1. University of Central Florida College of Medicine, Orlando, FL, USA* *; 2. Nemours Children\'s Hospital, Orlando, FL, USA*

**Introduction:** Few studies exist investigating the attentional neurocognitive state of patients with cystic fibrosis (CF), especially those in the pediatric population. Chronic disruptions in normal sleep patterns have been linked with poor neurocognitive performance as well as deficits in memory, learning, and overall intellectual activity (1,2,3). It is important to recognize and identify these coexisting consequences of sleep‐disordered breathing so they may be addressed in the management of pediatric CF patients.

**Methods:** Prospective co‐relational study on 17 pediatric CF patients between the ages of 7 and 17 from Nemours Children\'s Hospital, Orlando, FL. Data collection took place from July 2015 through January 2016. Sleep quality was assessed using the Sleep Disturbances Scale for Children (SDSC). Attentional capacity was assessed using the Short Form of Conners Parent Rating Scales‐Revised (CPRS‐R:S) (4). Lung function was represented using FEV1%, which was obtained from pulmonary function tests performed during the patient\'s visit as standard of care. Pearson correlations (α = .05) were calculated for the following variables: 1. Sleep disturbances and attentional capacity; 2. Sleep disturbances and lung function; 3. Attentional capacity and lung function.

**Results:** Regression line for Pearson\'s correlation comparing scores on the Hyperactivity subscale of the CPRS‐R:S to scores on the Sleep Breathing Disorders subscale of the SDSC was 0.4634 (*r*=.68, *p*\<.05). Regression line for Pearson\'s correlation comparing FEV1% values to scores on the Sleep Breathing Disorders subscale of the SDSC was 0.3003 (*r*=‐.55, *p*\<0.5). Regression line for Pearson\'s correlation comparing FEV1% values to scores on the Executive Function subscale of the CPRS‐R:S (male participants only) was 0.3422 (*r*=‐.59, *p*\<.05).

**Conclusions:** Significant correlations were noted among daytime attention capacity, lung function, and sleep disturbances in pediatric CF patients, implicating possible associations between these variables. A positive significant correlation between Sleep‐Wake Transition Disorders and both Hyperactivity and Oppositional behavior provides support for the potential influence of sleep‐wake state organization on neurocognitive development and organization. Gender differences in Executive Function implicate possible variances in brain development between boys and girls, resulting in differing ADHD‐related symptoms and clinical presentation. Further research needs to be done in this area to improve understanding of the consequences of sleep disturbances secondary to CF pulmonary complications on daytime neurocognitive function.

**References:**

1\. Rhodes SK, et al. J Pediatr. 1995;127(5):741‐4.

2.Dancey DR, et al. Eur Respir J. 2002;19(3):504‐10.

3\. Halbower AC, Mahone EM. Sleep Med Rev. 2006;10(2):97‐107.

4\. Conners CK. Conners Rating Scales‐Revised. North Tonawanda, NY: Multi‐Health Systems Publishing; 1997.
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**A RETROSPECTIVE ANALYSIS OF SELF‐REPORTED ADHERENCE TO PHYSICAL THERAPY PRACTICES AND MEDICATION AND NUTRITIONAL REGIMENS OF PATIENTS BEFORE AND AFTER IVACAFTOR USE**

[Prushinskaya, O.V.]{.ul} ^1^; Greenberg, J.^1^; Hickey, C.^2^; Ronan, N.^2^; Howlett, C.^2^; Plant, B.J.^2^; Sawicki, G.S.^1^ *1. Pulmonary, Boston Children\'s Hospital, Boston, MA, USA* *; 2. Cork CF Centre, Cork University Hospital/ University College Cork and HRB Clinical Research Facility, University College Cork, Cork, Ireland*

**Introduction:** Ivacaftor is a CFTR modulator therapy which is currently approved in the US for use in cystic fibrosis (CF) patients ages ≥2 years with one of 9 gating mutations. At the Boston Children\'s Hospital CF center, the prevalence of these mutations is 7.7%. In clinical studies, ivacaftor has improved lung function, weight gain and health‐related quality of life. Our objective was to build upon a recent study conducted at Cork University Hospital/University College Cork (CUH/UCC) in Ireland to evaluate the impact of ivacaftor on patient‐reported chest physiotherapy practices, and self‐reported adherence to chronic therapies.

**Methods:** Boston Children\'s Hospital (BCH) partnered with CUH/UCC to adapt an existing retrospective questionnaire designed by the CUH/UCC team for use in the US. The cross‐sectional web‐based survey is administered to patients and parents of children with CF at a single US CF care center electronically via REDCap. Measures include patient‐reported physical therapy practices, nutritional habits, and self‐reported adherence to chronic therapies before and after the start of ivacaftor therapy. Eligible participants are asked to complete the survey during clinic visits or by email survey link. For children under the age of 14, parents are asked to complete the survey on their child\'s behalf.

**Results:** To date, 16 participants (of 42 eligible at the site) have completed the survey (6 female). Mean age of participants is 28.3 years, ranging from 8‐61 years old, with 2 participants under the age 14. Participants\' mean score on the Morisky Medication Adherence Scales is 0.94, indicating overall "medium adherence" reported by the current sample. Average duration of treatment of ivacaftor is 45.7 months, and 9 (56.2%) participants participated in clinical trials involving ivacaftor ahead of FDA approval in 2012. Of the collected patient‐reported data to date, 8 (53%) report an easier time coughing up sputum, 6 (38%) report looser sputum, and 14 (89%) report coughing less overall since beginning ivacaftor. Seven (44%) participants report finding exercise easier to complete since starting ivacaftor. Six (38%) reported not regularly performing airway clearance therapy (ACT) since starting ivacaftor, an increase from the 3 (18.8%) who reported not regularly performing ACT prior to starting therapy.

**Conclusions:** Preliminary data suggest that participants report improved respiratory health and reduced participation in airway clearance therapy. Implementation of the study is ongoing and upon the completion of data collection, analysis will be done to explore how self‐reported CF patient nutritional regimens and adherence to chronic therapies has been impacted by the introduction of ivacaftor therapy. It is expected that the international collaboration will provide a more complete analysis of the impact of CFTR modulator therapy on adherence to physical therapy and airway clearance practices and medications.

**716**

**CYSTIC FIBROSIS IN THE ZUNI POPULATION**

Concotelli ‐ Fisk, N. *Pediatric Pulmonary, University of New Mexico, Albuquerque, NM, USA*

This poster will illustrate the findings of a literature review and direct practice of the Cystic Fibrosis Team in Albuquerque New Mexico working with the Zuni Pueble Native American population living in Western New Mexico. The literature review is being conducted by the social work staff and MSW intern at the University of New Mexico. This poster will highlight the high incidence of CF in this isolated population, historical treatment of CF and the impact of CF on the families living with CF.

**717**

**FACTOR STRUCTURE OF THE ***FAMILY RESPONSIBILITY FOR CF CARE*****

Manegold, E.M.^1^; Szabo, M.^1^; Corman, L.^1^; Johnson, R.J.^2^; Sawicki, G.S.^3^; Black, P.G.^2^; Moffett, K.S.^4^; [Duncan, C.L.]{.ul} ^1,4^ *1. Psychology, West Virginia University, Morgantown, WV, USA* *; 2. Children\'s Mercy Hospitals and Clinics, Kansas City, MO, USA* *; 3. Boston Children\'s Hospital, Boston, MA, USA* *; 4. West Virginia University Health Sciences Center, Morgantown, WV, USA*

**Objective:** Management of cystic fibrosis (CF) requires numerous treatments (eg, airway clearance, pancreatic enzymes) to slow disease progression and improve quality of life. In families, parents and youth often share responsibility for managing these tasks. The *Family Responsibility for CF Care* is a new questionnaire designed to assess the division of regimen responsibility within families of youth with CF. To begin establishing its psychometric foundation, the objective of the study was to examine its factor structure.

**Methods:** Our sample included 93 patients with CF (*M* ~age~: 15.2 years; Range = 11 -- 20 years; 50.5% male) and their primary caregivers (78.5% mothers). Patients and their primary caregivers independently completed the *Family Responsibility for CF Care*. A principal components analysis was conducted each with parent‐ and youth‐report versions.

**Results:** Three factors, accounting for 72.6% of the variance in caregiver‐reported responsibility, were identified: diet‐related tasks and oral medications, respiratory treatments, and logistical tasks. The internal consistency of these scales ranged from adequate for logistical tasks (α = .71) to excellent for respiratory treatments and diet‐related tasks and oral medications (α = .90 and .91, respectively). For youth‐reported responsibility, two factors explained 62.8% of the variance: treatment tasks and logistical tasks. Internal consistency was adequate for logistical tasks (α = .78) and excellent for treatment tasks (α = .93).

**Conclusions:** Our results indicate that somewhat different, yet logical, dimensions comprise youth‐ and parent‐reported division of responsibility for disease management. Specifically, parent and youth versions of the *Family Responsibility for CF Care* have similar factor structures; however, they differ slightly in that parent‐report of responsibility is more specified for treatment tasks (ie, divided into respiratory vs diet and oral medications). Future directions include examining other psychometric properties of this questionnaire.

**718**

**ADULT MENTAL HEALTH SCREENING IMPLEMENTATION**

[Beenen, M.]{.ul}; Holzworth, L.; Dunitz, J.M. *University of Minnesota, Minneapolis, MN, USA*

**Introduction:** The International Depression Epidemiological Study (2014) concluded that elevated symptoms of depression and anxiety are found in adults with cystic fibrosis (CF) (1). Subsequent clinical care recommendations were released by the CFF/ECF Guidelines Committee on Mental Health (GCMH) for all CF centers. The social workers in the Adult CF Program at the Minnesota CF Center (MN CF Center) implemented protocols for compliance with GCMH recommendations. A formal review of mental health‐related processes already in place found that the MN CF Center Adult Care Team was already complying with components of 10 of the 15 recommendations. Efforts on behalf of the adult social workers were then focused on formalizing compliance across recommendations, as well as implementing guideline \#4, which recommended annual screening for depression and anxiety with the GAD‐7 and PHQ‐9 for adults with CF.

**Methods:** The adult social workers attempted to screen all patients with the GAD‐7 and PHQ‐9 as an integrated part of the annual psychosocial assessment, beginning in February 2015. In addition, the adult social workers developed a Depression or Anxiety Adult Response Protocol adapted from the Screening and Treatment for Depression and Anxiety Algorithm for Individuals With CF. Per protocol, patients with minimal symptoms of anxiety or depression are rescreened at next annual appointment. Patients with positive screens are provided with interventions including clinical assessment, brief counseling and psychoeducation, referral for psychotherapy and/or psychiatric intervention and discussion with clinic physician about prescription of SSRI, depending on severity of score/symptoms. Patients with positive screens are also rescreened at follow‐up clinic visits. The adult social workers also created a Suicidal Ideation Adult Response Protocol to utilize for patients with PHQ‐9 scores in "moderate‐severe" range, who mark "2‐3" on Question 9 of the PHQ‐9 or present to clinic with suicidal ideation. All protocols and interventions were developed based on the 2014 recommendations from the CFF/ECF GCMH in CF. All screening results and subsequent actions are entered into the EMR.

**Results:** Between 2/1/15‐1/31/16, of the 241 adult CF patients with at least one clinic visit, 97% (234) were offered screening, with 89% (215) successfully completing mental health screening. See Table for full results.

**Conclusion:** The majority of patients seen at the MN CF Center were willing to participate in mental health screening (92%). Of those screened, almost one‐quarter of patients screened positive for mild‐severe symptoms of anxiety (24%) and depression (21%). Social workers estimate screening had minimal impact on length of clinic visits and took between 5‐15 minutes. Additional time was required for discussion, interventions and referrals as needed.

**References:** 1. Quittner AL, et al. Thorax. 2014;69:1090‐97.
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**TRANSITION SELF‐CARE SKILLS: PEDIATRIC AND YOUNG ADULT PATIENTS**

Saulitis, A.K.; Peterson, S.J.; Burke, J.; Brinkman, M.; McLean, K.A.; McAndrews, K.K.; Chen, E.; [Balk, R.A.]{.ul}; Sharma, G.D. *Rush University Medical Center, Chicago, IL, USA*

**Introduction**: Pediatric patients with chronic diseases may follow with one clinic or provider for upwards of 20 years before transferring to adult care. Standard of comprehensive cystic fibrosis (CF) care recommends that transition discussions begin early in treatment and continue until transfer. Adult providers expect that their patients are adept at treatment and have greater ability to manage their care than pediatric patients would; however not all patients have sufficient self‐care skills by the time they transfer to adult care. The objective of this project was to examine patient reported self‐care skills in two groups: transition‐age patients in a pediatric clinic and posttransfer patients in adult care. Additionally, this project identified areas for improvement in skills education in transition‐age patients.

**Methods**: A "Self Care Skills Worksheet" was adapted from existing tools (Wood D, et al. Acad Pediatr. 2014;14:415. Reiss JG, et al. Pediatrics. 2005;115:112. Sawicki GS, et al. J Pediatr Psychol. 2011;36:160). The measure included 8 categories of self care (Prescriptions, Equipment, Appointments/Check‐Ups, Airway Clearance, Insurance and Finances, Personal Health, During Your Appointment, Personal Life). Patients indicated ability to complete skills and responses were given a numerical score: I always do this (4 points), I am learning to do this (3), I don\'t know how to do this, but I want to learn (2), I don\'t know how to do this (1), I don\'t need to do this (0). The worksheet was administered June‐August 2015 to patients ages 14‐25 in the pediatric and adult centers. A median \[interquartile range\] score for each skill was compared between patients in pediatric vs adult care. A p‐value of 0.05 was utilized to determine significance.

**Results**: A total of 22 patients completed the worksheet (Pediatrics=10, Adult=12). Pediatric patients had a significantly lower median Prescription (2.1 \[1.4, 2.9\] vs 3.6 \[3.0, 3.9\]), Equipment (1.9 \[0.7, 3.0\] vs 3.3 \[2.6, 4.0\]), Appointments/Check‐Ups (1.8 \[1.3, 2.9\] vs 3.8 \[3.3, 4.0\]), and During Your Appointment (2.7 \[2.5, 3.4\] vs 3.6 \[3.4, 4.0\]) scores compared to adult patients (all differences significant at p \< .05). There was a trend toward lower median Insurance score in both cohorts (1.5 \[0, 2.5\] vs 2.8 \[2.0, 3.3), p=0.08). There was no difference in Airway Clearance (4.0 \[3.3, 4.0\] vs 4.0 \[3.5, 4.0\]), Personal Health (2.0 \[1.4, 3.6\] vs 2.2 \[2.0, 2.9\]) and Personal Life (2.0 \[0.9, 2.8\] vs 2.5 \[2.0, 2.9\]) scores between pediatrics and adults.

**Conclusion**: Adult patients reported more confidence in managing prescriptions, equipment, and appointments. Though anticipated to score higher in all categories, patients in adult care did not report stronger ability in the core components of CF care in airway clearance, personal life and health. Both pediatric and adult patients were less confident in the insurance category. Future directions include: Identifying factors that contribute to successful transition to adult care, enhanced transition education in pediatric care, and retrospective skills building in recently transitioned adults. Further study is needed to determine if standardized, targeted skills building and tracking leads to successful transitions.

**720**

**ASSESSING THE IMPACT OF A PHARMACY‐BASED THERAPY MANAGEMENT PROGRAM ON ADHERENCE AND HEALTHCARE UTILIZATION IN CYSTIC FIBROSIS**

[Kirkham, H.S.]{.ul} ^2^; Staskon, F.^2^; Hira, N.^2^; McLane, D.^2^; Kilgore, K.^3^; Parente, A.^3^; Kim, S.^3^; Sawicki, G.S.^1^ *1. Boston Children\'s Hospital, Boston, MA, USA* *; 2. Walgreen Co., Deerfield, IL, USA* *; 3. Avalere Health \| An Inovalon Company, Washington, DC, USA*

**Background:** Prior research has shown that cystic fibrosis (CF) patients with low or moderate adherence to pulmonary medications are more likely to have higher rates of hospitalizations and higher healthcare costs. Pharmacy‐based comprehensive therapy management interventions have been developed in CF, and research is needed to better understand the impact of such interventions on adherence. In May 2014, Walgreens implemented the Connected Care^®^ Cystic Fibrosis (CC‐CF) clinical patient management program aimed at improving medication adherence.

**Study Objective:** To compare medication adherence, clinical outcomes, healthcare utilization, and costs for CF patients who utilized Walgreens CC‐CF program (intervention group) to a matched non‐Walgreens control group.

**Methods:** This retrospective, observational cohort study used Greedy propensity score matching algorithm to identify suitable comparison groups in a large nationally representative de‐identified combined claims and clinical data from two sources: Inovalon\'s MORE^2^ claims Registry^®^, and Walgreens pharmacy claims and clinical program data. Medication adherence was measured by proportion of days covered (PDC). The sample consisted of CF patients aged 6+ who had ≥1 pharmacy claim for inhaled tobramycin, inhaled aztreonam, ivacaftor, or dornase alfa from 6/1/2014‐5/31/2015, and medical claims with ≥2 CF diagnoses ≥30 days apart. Other inclusion criteria were evidence of health care services and continuous health plan enrollment with medical and pharmacy coverage. Dependent variables included 12‐month medication adherence, healthcare utilization (e.g., hospitalizations), clinical outcomes (e.g., exacerbations), and total medical and pharmacy costs. Adjusting for variables that remained significant after matching, two sets of models (generalized linear and logistic regression models) were estimated to assess differences on the outcomes between the intervention and control groups.

**Results:** The combined dataset contained 369 intervention patients and 740 control patients meeting selection criteria, of which 233 were propensity‐matched from each cohort. At 12‐month post‐index, Walgreens CC‐CF patients who were prescribed inhaled tobramycin were adherent to the medication 1.2 times more often than those in the non‐Walgreens cohort (N=168; IRR=1.203, 95% CI \[1.045,1.385\]) but not for other therapies studied. Walgreens CC‐CF patients had lower 12‐month post‐index hospitalization (p\<.03) and ER rates (p\<.01) compared to matched controls (adjusted means of 0.47 vs. 0.69 for hospitalization; 0.93 vs. 1.73 for ER visits). The rate of hospitalizations with IV antibiotics was lower among the intervention group but was not statistically significant (OR=0.736 \[0.427,1.268\]). Other outcomes were not significantly different between cohorts at 12 months.

**Discussion:** A pharmacy‐based therapy management program for CF patients was associated with higher adherence to inhaled tobramycin and lower ER and hospitalization rates. Future studies should examine what components of such programs are most effective to improve adherence and related outcomes.

Funded by Walgreen Co.
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**PARENT AND CHILD DIFFERENCES IN PSYCHOSOCIAL SYMPTOM REPORTING**

[Mayersohn, G.S.]{.ul} ^1^; Ramos, A.^2^; Kim, R.^3^; Becker, J.A.^1^ *1. Children\'s Medical Center, Dallas, TX, USA* *; 2. Texas A&M, College Station, TX, USA* *; 3. Cleveland Clinic, Cleveland, OH, USA*

**Objective**: Health‐related quality of life (HRQOL) is a standard measure of general well‐being in pediatric chronic health populations. Research suggests under conditions of severe illness or impairment parents may need to respond as a proxy for their child. Previous research in chronic illness shows consistent discrepancies in parent‐proxy and child self‐report of general HRQOL; however these studies typically do not include patients with cystic fibrosis (CF). Further, minimal research exists related to respondent discrepancies impacting important construct domains, specifically treatment burden (TB) and family functioning, both of which have significant impact on the well‐being of children with CF. This study explored differences in parent‐proxy and child self‐reports of HRQOL, family functioning, and TB within a pediatric CF population.

**Methods**: Parents and children in a multidisciplinary CF clinic were recruited to complete self‐report measures. General HRQOL was assessed using the PedsQL™ Version 4.0 Short Form Generic Core Scales (PedsQL™ 4.0 SF15). Family functioning was assessed via self‐ and parent‐report on the Family Assessment Device (FAD). TB was measured through a subscale on age‐appropriate versions of the Cystic Fibrosis Questionnaire‐Revised (CFQ‐R).

**Results**: Independent sample *t*‐tests were conducted to examine differences between parent‐proxy and child self‐report ratings. Significant differences were found on the PedsQL™ SF15 psychosocial subscale, *t(*95)=0.814, *p*=0.015, *d*=0.50, and the total score *t*(95)=2.13, *p*=0.034, *d*=0.46. Results indicated that parents (psychosocial: *M*=66.21, *SD*=12.07; total score: *M*=67.74, *SD*=18.36) under‐reported HRQOL compared to child self‐report (psychosocial: *M*=75.07, *SD*=16.07; total score: *M*=74.83, *SD*=14.14). Results from the FAD show significant differences on affective responsiveness, *t*(90)=2.29, *p*=0.024, *d*=0.48, and behavioral control, *t*(90)=2.08, *p*=0.041, *d*=0.42. Results found that parents reported healthier functioning (affective responsiveness: *M*=1.74, *SD*=0.34; behavioral control: *M*=1.63, *SD*=0.29) than their children (affective responsiveness: *M*=1.94, *SD*=0.48; behavioral control: *M*=1.77, *SD*=0.37). No significant differences were seen on other FAD subscales, on the general functioning domain of the FAD or on the TB subscale of the CFQ‐R.

**Conclusions**: Previous research in pediatric chronic health populations has demonstrated differences in child self‐report and parent‐proxy report. This is the first study to examine respondent differences on the PedsQL™ SF15 for pediatric CF. Results suggest that similar to other pediatric chronic illnesses, parents of children with CF tend to under‐report HRQOL for their children in the psychosocial domain and overall scores. While differences were seen on parents\' perceptions of their affective involvement and control of their child\'s behavior, their report across the majority of FAD subscales and the general functioning domain was consistent with their child\'s report. Further, parents and children reported similar perceptions of TB for the child with CF. Findings suggest that while using parent‐proxy report may be reliable and meaningful in some domains, there are certain constructs where their report may differ significantly from their child.
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**ROUTINE SCREENING FOR DEPRESSION IN PARENTS OF CHILDREN WITH CYSTIC FIBROSIS: PARENT PERCEPTIONS AND SATISFACTION**

[Roach, C.M.]{.ul} ^1^; Smith, B.A.^1,2^; Cogswell, A.^2^ *1. Pediatrics, SUNY at Buffalo, Buffalo, NY, USA* *; 2. Psychiatry, SUNY at Buffalo, Buffalo, NY, USA*

**Introduction:** Parent caregivers of children with cystic fibrosis (CF) have higher rates of depression than the general population, which in turn is associated with elevated symptoms of depression in adolescents with CF (Quittner AL, et al. Thorax. 2014;69:1090‐7) and negative health outcomes (Barker DH, et al. Pediatrics 2016;137:e20152296). As a result, the International Committee on Mental Health in CF recommends routine screening for depression in parent caregivers of children with CF ages 0‐17 using one of three approaches depending on staffing and resources: the Patient Health Questionnaire (PHQ)‐9, the PHQ‐8 or the ultra‐brief PHQ‐2 (Quittner AL, et al. Thorax. 2016;71:26‐34). For parental depression screening concerns have been raised about acceptability to parents and the added load on busy CF center (CFC) visits. As part of a quality improvement project, we sought parent/caregiver feedback on screening and intervention for parental depression.

**Methods:** Annual parental depression screening at CFC visits for children with CF 0‐17 years began in 2014 using the PHQ‐2 for a streamlined process. Due to low rates of caregiver depression observed in 2014 compared to a large international study, in 2015, screening was given with the PHQ ‐9 for half of the parents (last names A‐L) and the PHQ‐2 for the other half (M‐Z). A standardized intervention protocol was used based on severity scores. Using a phone satisfaction survey, feedback on acceptability was obtained from a sample of 15 parents who completed the PHQ‐9 and 11 parents who completed the PHQ‐2.

**Results:** Twenty‐six parents (73% female) responded to the phone survey; 62% agreed and 38% were neutral that the CFC should be responsible for identifying, treating and referring (IT&R) for adolescent/adult CF patient depression; 50% agreed, 38% were neutral, and 12% disagreed the CFC should be responsible for IT&R for parental depression. Comparing PHQ‐2 vs PHQ‐9 respondents, PHQ‐9 screening was thought to be more helpful. Parents were also surveyed about the content of the PHQ‐9 and no one felt the questions were confusing, too private, or too embarrassing to answer, including the item assessing suicide risk. All those surveyed with the PHQ‐9 felt the screening process was efficient, easy and did not take up too much time; 93% felt completing the PHQ‐9 and having it discussed with them did not disrupt the flow of the clinic visit. These rates are similar to the shorter PHQ‐2 data where 100% agreed or strongly agreed the process was efficient, did not take too much of their time and did not disrupt the flow of the clinic. While 93% of PHQ‐9 parents felt the clinic was a suitable place to answer the questions, 87% did not want the results reviewed with their child present.

**Conclusions:** We conclude that annual screening with the PHQ‐9 is acceptable to parents, perceived as efficient as the shorter PHQ‐2 and does not add unnecessary time to the CF center visit. Parents felt strongly about maintaining privacy when addressing their screening results.

Buffalo CF Depression Team: Drucy Borowitz, MD, Carla Frederick, MD, Danielle Goetz, MD, Lynne Fries, PA‐C, Kimberly Rand, LMSW, Christine Roach, RN, BSN, Beth Smith, MD.
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**CF CAREGIVER SLEEP DISTURBANCE**

[Chini, B.A.]{.ul} ^1^; Byars, K.C.^1,2^; Amin, R.S.^1^; Moster, K.M.^3^; Boat, T.^1^ *1. Pulmonary Medicine, Cincinnati Childrens Hospital Medical Center, Cincinnati, OH, USA* *; 2. Behavioral Medicine & Clinical Psychology, Cincinnati Childrens Hospital Medical Center, Cincinnati, OH, USA* *; 3. Education & Learning, Cincinnati Childrens Hospital Medical Center, Cincinnati, OH, USA*

**Background:** Sleep and caregiving in pediatric patients with chronic illness has received little attention in the research literature. A single study that included caregivers of children with cystic fibrosis (CF) examined sleep patterns and sleep disturbances in caregivers using a 24‐hour recall interview and the Pittsburg Sleep Quality Index (Meltzer LJ, Mindell JA. Arch Intern Med. 2006;166:1749‐55). This study did not report caregiver concerns for their own sleep, and associations with sleep problems in their children with CF were not assessed. CF WELL was recently established at Cincinnati Children\'s Hospital to improve wellness in families affected by CF. Better understanding of sleep in caregivers and CF patients has been prioritized as a short‐term program objective. Longer‐term goals include development of targeted interventions to improve CF family wellness through improved sleep outcomes.

**Objective:** Describe frequencies and correlates of sleep problems in caregivers of children with CF.

**Methods**: Primary caregivers (n=73; 92% self‐identified as mothers or grandmothers) completed a brief 8‐item scale developed to assess caregiver concern for sleep problems, hallmark features of insomnia, symptoms of sleep disordered breathing, daytime sleepiness, and sleep duration. The Institutional Review Board (IRB) was consulted on this study; informed consent for human subject research was waived. Data were collected from January--April 2016.

**Results**: Most parents reported inadequate sleep duration. Forty‐two percent expressed interest in working on sleep issues. Daytime sleepiness was experienced at least 2‐3 times per week by the majority of parents. Spearman rank‐order correlations were conducted to examine associations between caregiver endorsement of concerns for their own sleep and 1) child age and 2) endorsement of sleep concerns for their child. Two‐tailed tests of significance indicated significant positive relationships (r~s~(73)=.267, p=.022 and r~s~(73)=.390, p=.001, respectively). Parents of 6‐12 year old children with CF reported the highest level of concern for their own sleep, followed by parents of teens. Interestingly, parents of children less than 5 years of age reported the least concern about their own sleep.

**Conclusion**: Insufficient sleep and daytime sleepiness are common concerns for parents of CF patient and may interfere with family functioning and care of the CF child. Thus, there is a need to identify CF caregiver sleep concerns and provide individualized interventions to optimize sleep. These preliminary data should be confirmed with a larger sample of CF families. Future studies will employ more in‐depth measures of sleep.
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**LATINA MOTHERS\' STORIES: PARENTING A CHILD WITH CYSTIC FIBROSIS, HEALTH BELIEFS, AND HEALTH CARE EXPERIENCES**

Tirabassi‐Mathis, L. *Nursing, Miller Children\'s and Women\'s Hospital Long Beach, Long Beach, CA, USA*

**Background:** The Hispanic population, the fastest growing minority in the US, represents a minority in the cystic fibrosis (CF) community (retrieved from <https://www.census.gov/topics/population/hispanic-origin.html>). Literature describes that Hispanics with CF have greater risk factors influencing morbidity and mortality (Schechter MS. Curr Opin Pulm Med. 2011;17:448--54; Watts KD, et al. Pediatr Pulmonol. 2009;44:594--601). Concomitantly, newborn screening for CF is currently included in nationwide mandated screening programs (<http://CFF.org>). Thus, more Hispanic infants diagnosed with CF are anticipated, even though they have reduced CF carrier rates compared to their Euro‐American counterparts. Publications from the US on CF in the Hispanic population exist relative to epidemiology and genetics; however, no US publications exploring perspectives of Hispanic experiences living with CF exist.

**Objective:** This study explored parenting children with CF, health beliefs, and health care experiences through the lens of Latina mothers.

**Methodology:** Narrative inquiry was the qualitative method employed (Riessman C, 2008). Ten interviews with Latina mothers were conducted, 50% spoke English.

**Analysis:** Structural and thematic analyses were applied with critical social and feminist theory as sensitizing frameworks (Campbell BC, Bunting S. ANS Adv Nurs Sci. 1991;13:1--15). The major themes identified were mothering, growing and growth, mother talk, connected, and being here with subthemes. Ruddick\'s maternal thinking framework (1995) guided the analysis.

**Findings:** Maternal experiences of parenting a child with CF were consistent with existing studies from the dominant Euro‐American culture except the following noted differences. Mothering was expressed as protective maternal knowing from their stories described during the period of their child\'s diagnosis. Mothers also expressed concern about their spouses\' resistance (machismo) to talking about their child\'s CF. Tensions with extended family and their attempts to influence health beliefs were described. Interpreter use decreased as the child\'s age increased. The majority of mothers reported using teas as a medicinal measure in conjunction with prescribed CF care. Mothers relied on the CF center as their primary source for CF information. Mothers acknowledged an underrepresentation of CF within the larger CF community and lack of awareness of CF in their Hispanic community. They expressed a desire to see a shift from the stereotyped Caucasian images of CF toward greater representation of Hispanic people in order to promote awareness in Hispanic communities and with health care providers.

**Implications:** 1. Valuing maternal thinking was called out as a tribute to a caregivers\' capacity to care for their children; 2. Strengthening psychosocial support for the work of mothering merits greater recognition; 3. Gaining CF insight to deliver patient/family centered care that is culturally and gender sensitive; 4. Reinforcing and informing the ability of health care providers to individualize care of nondominant Euro‐American children and families with CF by applying research findings that illuminate perceived care differences in the health care settings. Hispanic mothers need a voice in the CF community.
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**THE PREVALENCE OF ATTENTION DEFICIT/HYPERACTIVITY DISORDER IN CYSTIC FIBROSIS PATIENTS: A RETROSPECTIVE REVIEW**

[Spitzer, N.A.]{.ul} ^1^; Legare, T.^1^; Livingston, F.^2^ *1. University of Central Florida College of Medicine, Orlando, FL, USA* *; 2. Nemours Children\'s Hospital, Orlando, FL, USA*

**Introduction:** Cystic fibrosis (CF) is a complex autosomal recessive disease that leads to chronic disorders in many systems in the body, mainly the lungs and gastrointestinal tract. The treatment for CF is very complex and can include a variety of therapies, all of which can take up to 3.5 hours per day, leading to a generally poor adherence rate. Attention deficit/hyperactivity disorder (ADHD) is the most common behavioral disorder in children and causes impairment in executive functioning leading to a variety of difficulties with daily tasks. There is a paucity of research on the effect that ADHD impairments have on CF treatment adherence. Our two‐part study aims to illustrate the prevalence of ADHD in the pediatric CF population at Nemours Children\'s Hospital and then investigate the implications that comorbidity has on CF outcomes.

**Methods:** A data inquiry of all patients\' charts with ICD9 code of 277.xx and those with ICD9 codes 277.xx and 314.0 was performed resulting in 1163 patients. 539 patients were excluded due to not meeting inclusion criteria. Charts were reviewed for biological sex, location of pulmonology clinic visit, and race.

**Results:** The prevalence of ADHD in the study CF population was 8.3%. The male to female ratio in CF‐only cohort was almost 1:1. In the ADHD/CF cohort, 75% were male and 25% were female, which was statistically significant compared to the CF‐only cohort.

**Conclusions:** The prevalence of ADHD in the CF population is comparable to the prevalence in the general population. Males were more likely to have an ADHD diagnosis as compared to females, which mirrors literature on the demographics of ADHD. Further research is warranted to explore whether or not an ADHD diagnosis will decrease treatment adherence leading to decreased lung function and increased disease exacerbations and hospitalizations.
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**COGNITIVE FUNCTION IN ADULTS WITH CYSTIC FIBROSIS (CF): THE EFFECTS OF CF‐RELATED DIABETES AND TRANSPLANTATION**

[Chadwick, H.K.]{.ul} ^1,2^; Morton, A.^2^; Dye, L.^1^; Lawton, C.L.^1^; Mansfield, M.W.^2^; Peckham, D.G.^2^ *1. School of Psychology, University of Leeds, Leeds, United Kingdom* *; 2. Regional Adult Cystic Fibrosis Unit, Leeds Teaching Hospitals NHS Trust, Leeds, United Kingdom*

**Background and Objectives:** Deficits in cognitive function have been reported in people with diabetes (type 1 and 2). Changes in cognitive performance have been observed posttransplantation. The aim of these studies was to investigate cognition in people with cystic fibrosis (CF) and assess the impact of CF‐related diabetes (CFRD) and transplantation on various measures of cognitive function.

**Method:** Cognitive function was assessed using the Cambridge Neuropsychological Test Automated Battery (CANTAB). Pancreatic‐insufficient patients were recruited from the Leeds Adult CF Unit and healthy controls were recruited from the general population. Study 1: 49 people with insulin‐treated CFRD, 49 nondiabetic people with CF (who had received a normal oral glucose tolerance test in the past 12 months) and 49 healthy controls. Study 2: 18 people with CFRD who are posttransplant, 18 people with CFRD who haven\'t undergone transplantation and 18 healthy controls. Study 3: To date, 43 people with CFRD (35 who haven\'t undergone transplantation, 8 posttransplant recipients) have been retested using the same cognitive battery (parallel versions of tests were administered). For each study, groups were matched for age, gender and education level.

**Results:** Study 1 found that people with CF show some degree of cognitive impairment on tests of visual memory and new learning, verbal memory, sustained attention and executive function compared to healthy controls; those who have CFRD generally show greater impairment than nondiabetics. Study 2 found that people with CFRD who are posttransplant show impairment on tests of sustained attention and working memory compared to healthy controls. Performance was similar for those who had and had not undergone transplantation. Preliminary findings from study 3 show that cognitive performance is stable over an 18(±6)‐month period, except for improvements in verbal memory.

**Conclusion:** Cognitive function is impaired in people with CF (with and without CFRD) relative to healthy controls. Transplantation does not seem to result in improved performance in those with CFRD. Compared to nondiabetic people with CF, those with CFRD show greater deficits on tests of verbal memory, sustained attention, working memory and processing speed.
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**AN EARLY INTERVENTION PALLIATIVE CARE MODEL: ADDRESSING THE BURDEN OF ILLNESS AND IMPROVING ACCESS TO SERVICES FOR PATIENTS WITH CYSTIC FIBROSIS**

[Walker, P.]{.ul} ^1^; Berdella, M.^1^; Fresenius, A.^2^; Plachta, A.^1^; Wilder, K.^1^; Chen, J.^2^; Bookbinder, M.^2^; Glajchen, M.^2^; Langfelder‐Schwind, E.^1^; Portenoy, R.^2^; Dhingra, L.^2^ *1. The Cystic Fibrosis Center, Mount Sinai Beth Israel, New York, NY, USA* *; 2. Institute for Innovation in Palliative Care, Metropolitan Jewish Health Services, New York, NY, USA*

Palliative care is an interdisciplinary model of care that coordinates an array of interventions with the intent of mitigating the suffering and illness burden experienced by patients with serious or life‐threatening illnesses, and their families, from the time of diagnosis forward. The illness burden experienced by patients with cystic fibrosis (CF) and their caregivers is characterized by problems in many domains (eg, physical symptoms, psychological distress, and caregiver burden). This burden fluctuates over years and gradually worsens in the context of advanced illness. CF is representative of a type of chronic condition that is best managed by the integration of a palliative plan of care with routine care throughout the disease trajectory---an approach known as concurrent care. In this approach, interventions to address unmet need in defined domains of palliative care are undertaken throughout the course of the illness by CF professionals who have the support of palliative care specialists; referral to the specialist palliative care team is considered when illness is advanced, death is perceived to be soon, and problems are multiple and complex. At the present time, there are no existing models of concurrent palliative and primary CF care in the United States. The proposed study describes the implementation and mid‐project evaluation of an innovative model jointly developed by the Cystic Fibrosis Center (CFC) at Beth Israel Medical Center (BIMC) and the MJHS Institute for Innovation in Palliative Care. Recruitment concluded in January 2015. Of the 160 patients and caregivers screened, 152 were eligible and approached for the study with 76 patients and 55 caregivers consenting to the study and 21 declining. Since the implementation of screening for symptom burden, patients have completed 852 monthly screenings in total. Of these screenings, 149 patients were triggered for a triage evaluation by a social worker in one or more of the following domains: global distress (78), severe distress from pain (62), severe distress from dyspnea (50), psychological distress (43), and/or a request for advanced care planning (40). Of these 149 patients triggered, 73 were reachable by phone and completed the triage evaluation, and 76 were missed due to the patient being unreachable by telephone but were seen at a subsequent clinic visit. All missed triages occurred prior to May 2015 at which point the staffing model was changed to improve follow‐up. Since that time there have been no missed patients. Of the 72 patients who completed a triage, 23 required a follow‐up by the CF Center clinicians and all 23 received this follow‐up. We continue to screen patients monthly for symptom burden and unmet palliative care needs, and collect quarterly data on outcomes to determine the effectiveness of the intervention. In May 2016 we will be implementing a music therapy program specially designed for cystic fibrosis patients and assessing patient satisfaction through the web‐based survey system.
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**CAN A CF CHILD MAKE A TERMINAL DECISION?**

Stewart, B.; [Majchrzak, E.]{.ul} *Pediatrics, East Tennessee State University, Johnson City, TN, USA*

We present the case of a 14‐year‐old cystic fibrosis patient who perished as a result of complications from her disease coupled with her refusal of treatment. The patient was diagnosed at 11 months of life after her older brother was diagnosed with CF. Throughout the course of her life she had several admissions to the pediatric intensive care unit, some resulting in intubation. She had been diagnosed with *Aspergillus* pneumonia, MSSA and MRSA pneumonias, and eventually multidrug‐resistant *Stenotrophomonas* pneumonia. At the time of her death her diagnoses included acute‐on‐chronic respiratory failure, insulin‐dependent CF‐related diabetes mellitus, pulmonary hypertension, and steroid dependency with secondary immunocompromise.

Her last admission was directly from her pulmonologist\'s office. She developed an increase in secretions and sputum production. She also was describing chest pain as well as an increase in oxygen need, from 5 liters per minute (lpm) of continuous oxygen to 6 lpm of continuous oxygen during the day but no change to her nightly Bi‐PAP settings. Patient\'s respiratory pathogen panel was positive for RSV, rhinovirus, and adenovirus, for which she was placed on supportive care. Her sputum culture was positive for multidrug‐resistant *Stenotrophomonas maltophilia* and she was placed on intravenous colistin, nebulized colistin, and vancomycin. Based on sensitivities, she was changed to polymixin B; however, she reacted with adverse symptoms so she was changed back to IV colistin. Pertinent negatives included her fungal culture and her aspergillosis titers; patient had been positive for aspergillosis in the past. Her respiratory status was stable for the first three weeks of admission, at which point she had a worsening of respiratory distress and noted air hunger. Her Bi‐PAP settings were adjusted as her blood gases worsened and she began to have an increase in her CO~2~ levels from her baseline, which was in the 60s. As her clinical status worsened, discussions were made on how to treat further. The parents, with the guidance of the team, made the determination to neither intubate nor to use heroic measures to extend her life. She initially continued with Bi‐PAP, chest physiotherapy and nebulizer treatments but after a discussion with a respiratory therapist who told the patient that she could decide how and even whether to continue treatments (unknown to the team, including parents), the patient began to refuse all interventions. Her saturations then dropped and she become unresponsive several hours later and expired.

The patient had a recent admission four months before this admission in which her status was changed from "terminal cystic fibrosis" to "treatable" CF, per the pulmonologist\'s recommendations. During her second‐last inpatient stay, the treatment team referred her to the Hospital Ethics Committee (HEC) based on the patient\'s wish to discontinue treatments and on whether she was being adequately managed at home. Ultimately despite the patient\'s having some autonomy of care, a fourteen‐year‐old cannot legally make decisions about his/her medical care on his/her own unless the child has medical emancipation, which this patient did not have. This brings up an ethical consideration: when, how, to what degree, and under what circumstances should a child be allowed to make a terminal decision?
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**PILOT STUDY: SLEEP IN SIBLINGS OF CHILDREN WITH CYSTIC FIBROSIS**

[Elliott, L.]{.ul} ^1^; Avis, K.^1,2^ *1. Psychology, University of Alabama at Birmingham, Birmingham, AL, USA* *; 2. Children\'s of Alabama, Birmingham, AL, USA*

**Introduction**: Many negative adjustment problems have been reported in siblings of children with chronic illness. For siblings of children with cystic fibrosis (CF) specifically, negative outcomes include increased risk for feelings of loneliness and isolation, anxiety, depression, vulnerability, anger, worry about their ill sibling, difficulties in school, withdrawal and shyness, somatic complaints, low self‐esteem, and both internalizing and externalizing behavior difficulties (Williams PD, et al. J Soc Pediatr Nurs. 1997;2:127‐37). Sleep disturbances have been associated with increases in externalizing and internalizing behaviors, child‐reported depressive symptoms, and anxiety. Children who have poor sleep habits are reported to have more difficulties with attention and school‐related difficulties. Poor sleep in children has also been associated with lower self‐esteem and difficulties socializing. Children who experience fear or worry often have difficulties falling asleep. Despite the overlap between negative adjustment problems in siblings and problems associated with sleep disturbances, no research currently exists looking specifically at sleep in the sibling population. The objective of the current study was to examine the sleep habits of children with siblings hospitalized for treatment of cystic fibrosis.

**Methods**: Siblings of children with CF between the ages of 4‐17 wore an actigraph (Ambulatory Monitoring, Inc.) for the duration of the hospitalization of their sibling as an objective measure of sleep quality.

**Results**: Well‐siblings averaged 457.05 (S.D. 70.06) minutes of sleep a night during the hospitalization of their sibling with CF. On average, it took 6.70 (S.D. 2.05) minutes to fall asleep (sleep onset latency), and well‐siblings were awake for an average of 35.31 (S.D. 20.77) minutes after falling asleep (wake after sleep onset).

**Conclusion**:The National Sleep Foundation released updated sleep recommendations in March 2015. Based on these recommendations, preschoolers (3‐5 years) should sleep between 10‐13 hours a night, school‐aged children (6‐13 years) should sleep between 9‐11 hours a night, and teenagers (14‐17 years) should sleep between 8‐10 hours a night. The current study indicates that during the hospitalization of a sibling with cystic fibrosis, their well‐siblings are sleeping on average 7.6 hours a night, which falls below the recommended amount of sleep for all represented age ranges. Further, well‐siblings were quick to fall asleep during the hospitalization, as indicated by their sleep onset latency. This indicates a pattern of sleep deprivation in this population. Future research is needed to assess the relationship between sleep deficits and negative outcomes in siblings of children with cystic fibrosis.
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**ACCEPTABILITY OF PARENT MENTAL HEALTH SCREENING IN PEDIATRIC CF**

[Butcher, J.L.]{.ul}; Nasr, S. *Pediatrics, University of Michigan, Ann Arbor, MI, USA*

**Background**: Consistent with Cystic Fibrosis (CF) Foundation and European CF Society International Guidelines on Depression and Anxiety in CF, parent mental health screening was implemented in our center in April 2016. Quality improvement (QI) methodology was used to develop a protocol to best meet the needs of our families. This QI initiative elicits parent feedback on the acceptability of mental health screening.

**Objective:** To quantitatively measure acceptability of routine parent mental health screening integrated within pediatric CF care.

**Methods:** Parents of children diagnosed with CF were approached during a routine clinic appointment. One parent from each family was asked to complete the PHQ9, GAD7, and Psychosocial Assessment Tool (PAT). Parents also completed the Acceptance Questionnaire (AQ), and these responses were separated and batched for confidentiality. The PHQ9 and GAD7 are standardized screeners of depression and anxiety recommended by the International Guidelines. The PAT is a measure of family psychosocial risk normed on parents of children with chronic illness. In addition to parent mental health, it screens patient and sibling mental health and family stressors. The AQ included 6 questions rated on a 1‐5 Likert scale about the ease, length, importance, comfort, helpfulness, and whether to continue questionnaires. Results of questionnaires were reviewed with parents and follow‐up was provided consistent with International Guidelines.

**Results:** To date, 20 families have been approached with screening ongoing. Four families did not complete screening due to: lack of time, concern about results being used in a child custody dispute, and feeling the information was unnecessary. The 16 respondents were primarily mothers (81%) of 9 boys and 7 girls who were 82% non‐Hispanic, Caucasian aged 2‐16 (*M*= 8.81, *SD*= 4.3). Elevated PHQ9 and GAD7 scores were reported for 19% of parents, and elevated PAT scores were reported for 31% of families. Concordance (Cohen\'s kappa) between the PHQ9 and GAD7 was 1.00 and 0.67 between the PHQ9/GAD7 and PAT. PAT scores were elevated in an additional two families not identified by the PHQ9/GAD7. Subscale score review found that child psychosocial concerns and poor family social support accounted for the two additional elevations. Parents generally rated all questionnaires as acceptable with PHQ9/GAD7 mean ratings between 4.06‐4.67 and PAT mean ratings between 3.94‐4.50. Lowest ratings were for length of time and highest ratings were for comfort with answering questions. Mean total acceptability ratings for the PHQ9/GAD7 (*M*= 26.27, *SD*= 2.71) were higher than for the PAT (*M*= 25.25, *SD*= 2.82), but the difference was not statistically significant.

**Discussion:** Preliminary results suggest that parents find mental health screening acceptable when integrated within routine pediatric CF care. However, 20% declined screening, which may have caused a self‐selection bias. Parents rated the PHQ9/GAD7 as slightly more acceptable that the PAT; however, the PAT identified psychosocial concerns in two families that would not have been identified otherwise. Initial results suggest that broader screening may be beneficial, but parent preferences should be considered before adding additional measures.

Supported by the CF Foundation Award for a Mental Health Coordinator.
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**ASSOCIATION BETWEEN DEMOGRAPHIC, CLINICAL FACTORS AND QUALITY OF LIFE DOMAINS IN PATIENTS WITH CYSTIC FIBROSIS IN NORTHEAST BRAZIL**

[Rodas, M.N.]{.ul} ^1^; da Cunha, C.H.^1^; Terse, R.^1^; Santana, M.^2,3^ *1. Pos graduation, Federal University of Bahia, Salvador, Bahia, Brazil* *; 2. Fibrose Cistica, Centro de Referência em Fibrose Cística do Hospital Especializado Otávio Mangabeira‐Bahia‐Brasil, Salvador, Bahia, Brazil* *; 3. Pediatric, Departamento de Pediatria‐Faculdade de Medicina da Bahia da Universidade Federal da Bahia‐Brazil., Salvador, Bahia, Brazil*

**Introduction:** The progressive nature of cystic fibrosis disease and the demanding treatment burden have the potential to impair daily living and impact health‐related quality of life (HRQoL). Some studies have demonstrated that demographic and clinical variables impact life quality. These variables include age, gender, lung transplantation and forced expiratory volume in 1 second (FEV~1~%).

**Aim:** To evaluate the relationship between demographic, clinical characteristics and HRQoL in patients with cystic fibrosis.

**Methods:** Cross‐sectional study, included 66 adolescent and adult patients with confirmed diagnoses of CF. Data on pulmonary exacerbations in the preceding 9‐month period, demographic, clinical and quality of life characteristics were collected at the time of enrolment. Quality of life was valued using the the Cystic Fibrosis Questionnaire ‐ Revised (CFQ‐R) that measures the impact of health, daily life, perceived well‐being and symptoms. Data were presented as mean ± standard deviation (SD) or median and interquartile range; comparisons were made using the two‐sample independent t‐test or the Mann‐Whitney test; Spearman correlation was used; all statistical tests were two‐sided, and significance was reported at p \< 0.05.

**Results:** The study involved 66 patients, of which 37 (56.1%) were female and 29 (43.9%) male; 28 (42.4%) were white and 38 (57.6%) were not white. A correlation with was found between clinical and sociodemographic variables and CFQ‐R domains with p value \<0.05 as age of diagnosis, family income, body mass index, FEV~1~%, number of exacerbations and hospitalizations in the last year, *Pseudomonas aeruginosa* cultures in the last year and Shwachman‐Kulczycki score.

**Conclusion:** The quality of life in patients with CF may be influenced by several aspects such as demographic and clinical characteristics. This study specifically evaluated sociodemographic and clinical factors and their influences on quality of life. The demographic and clinical characteristics are directly related with the quality of life in adolescent and adult patients with CF.
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**SLEEP IN CHILDREN WITH CYSTIC FIBROSIS AND THEIR CAREGIVERS**

[Lawless, C.]{.ul} ^1^; Fritz, A.^1^; Ortega, A.^1^; Everhart, R.^2^; Baker, D.^3^; Abu Hasan, M.^3^; Delgado, S.^3^; Fedele, D.^1^ *1. Clinical and Health Psychology, University of Florida, Gainesville, FL, USA* *; 2. Virginia Commonwealth University, Richmond, VA, USA* *; 3. University of Florida, Gainesville, FL, USA*

**Introduction:** Sleep complaints are common in cystic fibrosis (Naqvi SK, et al. Sleep Breath. 2008;12:77‐83) and sleep difficulties are associated with disease morbidity and decreased lung functioning (Amin R, et al. Chest. 2005;128(3):1357‐63). National guidelines call for 9‐11 hours of sleep per night for school‐aged children, and 7‐9 hours of sleep for adults (26‐64 years) (Hirshkowitz M. Sleep Health. 2015;1(1):40‐3). Inadequate sleep is linked to a multitude of negative outcomes, including behavior problems and decreased overall quality of life (Lavigne JV, et al. J Dev Behav Pediatr. 1999;20:164‐9; Sadeh A, et al. Child Dev. 2002;73:405‐17). Sleep disruption also has deleterious effects on metabolic function (Van Cauter E, et al. Sleep Medicine. 2008;9(1):S23‐8), which may be especially problematic for children diagnosed with CF. The aim of this study is to describe the sleep of children with CF and their caregivers in comparison to national recommendations.

**Methods:** Youth aged 4‐12 (*M* = 7.75, *SD* = 3.10) and a caregiver (*N* = 8) wore wrist Actigraph monitors for seven consecutive days. Total sleep time (TST), sleep efficiency (SE), and number and duration of nocturnal awakenings were used to measure child and parent sleep. All values were averaged over the course of seven days and nights.

**Results:** Children slept an average of 7 hours and 23 minutes per night and had an average SE of 74.83%. They awoke an average of 24 times per night, with these awakenings lasting an average of 4 minutes. Parents slept an average of 6 hours and 25 minutes per night with an average SE of 81.67%. They awoke an average of 17 times, with these awakenings lasting an average of 5 minutes. See Table for complete results.

**Conclusions:** In this sample, neither children nor caregivers are receiving recommended amounts of sleep. Both children and their caregivers are experiencing decreased sleep efficiency and frequent nighttime awakenings. Due to its potential negative impact on health and quality of life, improving both parent and child sleep should be a target of clinical care in CF.

Supported by the Society of Pediatric Psychology Marion and Donald Routh Student Research Grant and the University of Florida Clinical and Translational Science Institute.

**Table. Sleep in Children with CF and their Caregivers**
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**734\***

**REDUCING PATIENT WAIT TIMES AND CLINIC LENGTH THROUGH CARE DELIVERY MODIFICATION**

[Hoffert, G.]{.ul} ^1^; McIntosh, I.D.^2^; Young, A.^1^; Christie, G.^1^; Lemire, J.^1^; McTaggart, N.^1^; Okrainetz, S.^1^; Tarasoff, S.^1^ *1. Cystic Fibrosis Clinic, Island Health, Victoria, BC, Canada* *; 2. Cystic Fibrosis Canada, Toronto, ON, Canada*

**Background:** The length of time spent at clinic visits is a burden for the cystic fibrosis patient. From annual visits, which can last up to three hours, to regular diagnostic testing, individuals spend a significant amount of time in the clinical setting. These obligations to sustain health can have a significant impact on maintaining other important life goals, and decrease the patient\'s satisfaction with the clinic experience.

**Objective:** Through Cystic Fibrosis Canada\'s Quality Improvement Learning and Leadership Collaborative, we aim to decrease the amount of time our patients spend waiting to see professionals during annual clinic visits. Through this process, the overall amount of time our patients spend in clinic should also be reduced, which should also lead to an increase in patient satisfaction.

**Methods:** When examining a traditional individual interview model for the clinic visit, we found that in many cases, patients were waiting a total of 45 minutes or more between providers and allied health professionals. This suggested that in some cases, these delays led to lengthy clinic visits. We surmised that by adjusting the clinic model from an individual interview model to a team interview format (provider and allied health visit the patient together); we would be able to decrease the wait time for the patient. This in turn, would decrease total time for the clinic visit, and would reduce an identified burden for the patient.

To achieve this aim, clinics were divided between two providers. One provider maintained the traditional individual interview model, while the other provider conducted clinic in the team interview model. Team interview model patients were booked for an appointment time, whereas traditional model patients were booked for a clinic "start time." Patient time in clinic was measured with a timer, started when patient arrives at clinic and stopped when the patient leaves. Professionals recorded time on timer when entering and exiting patient\'s room. At the conclusion of the team model, patient satisfaction was measured with a written survey.

**Results:** After 12 clinics over a period of four months, we saw a significant decrease in both average patient wait time (79%) and average total time spent in clinic (51%) using the team interview model compared to the traditional individual interview model. Additionally, survey results showed a patient preference for the team model approach (77% strongly agree/agree). A verbal staff survey also found that 86% were in favour of the new team interview model of care.

**Conclusion:** Modification of care delivery to a team interview model has demonstrated a significant decrease in patient wait times and total time in clinic. This method has also demonstrated increased patient and staff satisfaction with the clinic experience.

**Acknowledgements:** Cystic Fibrosis Canada, Dartmouth Institute of Healthcare Microsystems.

**735\***

**CLINIC FLOW IMPROVEMENT PROCESS IN A PEDIATRIC CF CENTER**

[Powers, M.R.]{.ul}; McCullar, B.; Rose, P.; Muirhead, C.; Somervell, E.; Cornell, A.G.; MacDonald, K.D.; Garcia, A.; Link, H.; Hsia, D.; Keeling, K.; Deveaux, L.; Pullen, B.; Kenron, D. *Pediatrics, Oregon Health & Science University, Portland, OR, USA*

**Introduction:** At the Annual OHSU Pediatric CF Center Retreat, we brainstormed about issues related to clinic flow. Long patient wait times, inefficient time management, staff communication, and a need to value contributions from all care providers were identified as issues to be addressed by the quality improvement (QI) team.

**Objective:** Our global aim was to improve clinic flow in the pediatric CF center at OHSU. The specific aim of the clinic flow QI process was to 1) reduce time between clinic arrival and the patient being roomed, and 2) reduce wait time between 6‐7 multidisciplinary care providers. By reducing wait times, we hoped to improve both patient and staff satisfaction with clinic flow. Another objective was to improve staff communication, working relationships, and professional appreciation of other disciplines.

**Methods:** Tools we used included a Definitions Worksheet, Plan‐Do‐Study‐Act (PDSA) worksheet, a Data Collection Plan Worksheet, and Brainstorming. We utilized process mapping and developed a high level flow chart of the clinic process. An action plan was developed for tasks that would be required to revise the clinic flow, based on the flow chart. Tasks included measuring patients per clinic, patients requiring pulmonary function tests (PFTs), and number of late patients per clinic. Time stamping was done to measure patient wait times between providers and average time in rooms for each multidisciplinary provider. Swim lanes were also used to visualize the time stamping data. Additional PDSAs focused on staff communication and developing a late arriving patient algorithm. A survey was used to determine what families wanted to hear from the CF care team at each clinic visit.

**Results:** Clinic flow mapping demonstrated that several team members needed to see each patient without consensus of order. In addition, the EPIC template did not reflect actual time spent in clinic by the patient. Measurement of the current state revealed average lobby wait time was 20 min; average total wait time between providers was 31 min. Time stamping measurements were utilized to develop a level loaded clinic flow and specific provider order. The QI team also worked with EPIC programmers to revise the CF clinic template. After implementing changes, average lobby wait times decreased to 3 min, and average overall clinic wait time was reduced by 15 min. Staff communication handoff scripts were developed and are now being measured. A late patient algorithm was designed and is being used in clinic. Surveys of staff and patient satisfaction in regards to the new clinic flow process are being distributed at this time and will be analyzed prior to presentation.

**Conclusions:** We have successfully measured our clinic flow process and have used several PDSAs to implement changes in our CF Clinic flow. The measurements allowed for building a specific clinic flow process that has reduced clinic wait times for our patients. We anticipate improved patient satisfaction once the survey results are analyzed based on preliminary feedback. Additional adjustments in the clinic flow process are still likely required to enhance team member communication, but appreciation of other disciplines\' input has improved.

**736\***

**REDESIGNING CLINIC WORKFLOW TO IMPROVE OUTPATIENT CYSTIC FIBROSIS CARE**

[Phan, H.]{.ul}; Cruz, V.; Drake, G.; McGuire, M.; Werchan, B.; Settle, P.; Werchan, A.; Campion, J.; Daines, C.L. *Tucson CF Center, University of Arizona and Banner University Medical Center, Tucson, AZ, USA*

**Background:** The CFF recommends CF clinic visits on a quarterly basis and designated diagnostic/laboratory tests to monitor for potential complications/disease progression. In Fall 2015, as part of the CF Fundamentals Learning and Leadership Collaborative (CF FUN LLC), the University of Arizona CF QI team developed a comprehensive outpatient project to address shortcomings and achieve the following specific aim by June 2016: improve patient attendance to quarterly clinic visits from 60% and 30% to 80% and 50% in pediatric and adult centers.

**Methods:** To achieve the project aims, we sought to improve the patients\'/caregivers\' clinic experience through use of team developed and implemented tools to help redesign clinic workflow, including: 1) Pre‐project assessments; 2) Patient/caregiver clinic surveys that assessed perceived time spent overall and with each discipline, comfort and understanding of current medications and lab/image testing, reasons for missing clinic, approach to scheduling appointments, and communication with staff; 3) Communication (eg, letter, newsletter) to patients/caregivers about importance and reasoning for quarterly visits and laboratory/diagnostic tests; 4) Increase clinic capacity by adding adult hospital follow‐up/acute clinics; 5) A clinic visit "map" to communicate expected discipline care during visits and for patients to communicate specific areas of concern/questions. Outcomes were tracked using designated spreadsheets and run charts. We held weekly, ongoing QI team meetings to review progress, adjust tools, and assess outcomes through ongoing PDSA (plan, do, study, act) cycles. We used intraprofessional, preclinic rounding meetings to help implement tools and changes in workflow.

**Results:** We analyzed survey data and tracked project specific aims through first quarter 2016. Amongst pediatric patient caregivers, most felt an "appropriate clinic duration" was 60‐90 min vs 30‐60 min amongst adult patients. The primary reason for missing clinic was lack of appointments that fit their schedule in both groups. Over 90% and 53% of pediatric patient caregivers and adult patients felt clinic visits were "somewhat" or "very long." Of pediatric patient caregivers, 68% would like to know which disciplines are expected during a given clinic visit, compared to 80% in adult patients. Time spent with each discipline perceived as "appropriate" was similar between groups, ranging from 72‐96%. Percent clinic attendance data are in tabular form, comparing progress to currently available CFF center reports and available local PortCF data.

**Conclusions:** Through use of team developed and implemented tools, we redesigned clinic workflow in order to improve our pediatric and adult CF clinic attendance. We continue to adapt these tools and clinic workflow to provide an optimal patient and caregiver CF clinic experience and encourage ongoing outpatient CF care.

**% Patients with Quarterly Clinic Visits**
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**737\***

**OPENING CONVERSATIONS ABOUT SUSTAINING DAILY CF CARE**

[Frederick, C.A.]{.ul} ^1^; Raymond, K.^2^; George, C.^2^ *1. Pulmonary, Women & Children\'s Hospital of Buffalo Lung and Cystic Fibrosis Center, Buffalo, NY, USA* *; 2. Cystic Fibrosis Foundation, Bethesda, MD, USA*

**Background:** Insights from the CF community reveal that finding the right approach to discussing the challenges of daily CF care can be difficult for patients, families and care teams. Patient‐provider communication is cited in healthcare literature (Haskard Zolnierek KB, et al. 2009) as influential to treatment and therapy adherence. Recognizing this, the CF Foundation (CFF) conducted a pilot to help patients and care teams open a non‐judgmental, problem‐solving care conversation. This pilot is part of a larger initiative addressing adherence through behavioral research to promote improved health outcomes and help individuals with CF live full, productive lives.

**Objective:** To test language and materials as conversation starters between adults with CF and care team members; and to open communication about sustaining daily care to identify potential barriers and solutions.

**Methods:** Six adult care programs took part in the pilot from Nov 2015 to Jan 2016. Patient and care team representatives from each site formed a working group that designed conversation starter materials -- posters, tent cards, magnets, sticky notes and ID badges. The materials included three questions: How are your spirits? What would help you today? \[How\] are you balancing your life and care plan? Care teams put these materials into practice according to their clinic flow. Feedback was collected from patients and clinicians about the feasibility and utility of the materials through qualitative surveys, in‐person or video‐conference interviews.

**Results:** Surveys were completed by 127 patients and 19 care team members. Interviews were conducted with 15 patients and 60 care team members. Care teams perceived that the materials engaged patients in new ways and opened up conversations about sustaining daily care and barriers to adherence. Care teams reported that materials were helpful reminders to ask patients these practical, personal questions, but using the verbatim line of questioning in the materials felt "forced." Training on how to implement the materials and verbatim questions on the materials was felt to be inadequate. Care team members found that by using their own words and weaving the themes naturally into their conversation worked best.

Patients reported that the wording of the materials was innovative and engaging. They said materials were "inspiring," "compassionate," and "eye‐catching" during their clinic visits. For the most impact and effect, patients felt these questions should be asked at the start of every visit. Patients indicated that it would be useful to have continued reminders and encouragement to feel able to open up in personal and practical ways in conversations with their care teams.

**Conclusion:** This pilot project demonstrated that materials to trigger conversations were useful to both care teams and patients. Creating an open and judgment‐free conversation may be helpful in building successful partnerships leading to improved adherence, health outcomes, and quality of life. More individual and care team training may help hone communication skills to maximize these conversations. Patient and family education about how to effectively converse with their care team regarding barriers to adherence may also be useful.

**738** **\*** **▴**

**CF CARE NOTEBOOKS: ENCOURAGING PEDIATRIC PATIENTS WITH CYSTIC FIBROSIS TO BE ACTIVE PARTICIPANTS IN THEIR CARE**

[Gore, W.]{.ul}; Leyva, C.; Morse, K. *Children\'s Hospital Los Angeles, Los Angeles, CA, USA*

**Background and Significance:** Cystic fibrosis is no longer a disease confined to the pediatric population. As the life expectancy of those with CF continues to rise, it is important to prepare pediatric patients to live as independent adults. Transition and transfer are widely discussed within the CF community: "The timing of transfer to adult CF care often coincides with a dynamic period in adolescents and young adulthood when lung function may be declining and treatment burden and complications of a multisystem disease are increasing." (Tuchman E, et al. Pediatrics. 2009;125:566‐73). Questions of adherence complicate transition and transfer. Adolescents struggle with adherence related to increased care responsibility, treatment burden, perceived treatment benefit, and lack of education. Literature related to transition and transfer agrees on the need for standardized programs within centers. However, much of the literature discussing transition is descriptive, with measured outcomes relating to satisfaction and perceptions. Little has been done measuring quantitative health outcomes of transition programs, and there is no consensus on the best program to improve transition, (Tuchman E, et al. Pediatrics. 2010;125:566‐73).

**Methods:** The CHLA CF Care Center created a program to help motivate patients and to encourage them to become more involved in their care. Patients aged 8‐21 were given a *CF Care Notebook* to help organize all CF‐related health care materials. The sections in the notebook included: MY CF Center, MY Medications and Therapies, MY Nutrition, MY Clinic Visits, MY Transition and School information, and Infection Control. Patients were asked to complete age‐appropriate tasks prior to coming to their quarterly appointment. The tasks, based on the transition stages introduced by the University of Wisconsin, included: completing a medication list and maintaining a log of their FEV~1~ and BMI. Patients earned a total of 5 points per clinic if they completed their medication list, added their BMI and FEV~1~ from the previous visit to the result log and brought their binders to their quarterly appointment. Points could only be earned during a quarterly visit. Patients were able to receive an incentive when they reached 10 points and when they reached 20 points.

**Results:** During the fourth quarter of 2014 *CF Care Notebooks* were distributed to all CF patients aged 8‐20 (72 notebooks). As of the end of first quarter 2016, 74% of patients had participated in the program. Of those that participated, 51% had earned their 10‐point milestone incentive and 38% had earned their 20‐point milestone incentive. Additionally, quarterly appointment adherence in patients aged 8‐20 improved from 65% in 2014 to 71% in 2015.

**Conclusion:** We conclude that a standardized transition and incentive program with quarterly goals, does encourage patient participation and improve quarterly visit adherence. We speculate that the increased level of participation in transition‐related goals will lead to increased knowledge and independence in CF care.

**739\***

**COPING STYLE AND ADVANCE CARE PLANNING AMONG ADULTS WITH CYSTIC FIBROSIS**

[Graham, D.]{.ul} ^1^; Guenther, K.^1^; O\'Donnell, H.K.^1^; Sellers, D.E.^2^; Sawicki, G.S.^3^; Robinson, W.^1^; Dill, E.J.^1^ *1. Psychology, University of Colorado Denver, Denver, CO, USA* *; 2. Cornell University, Ithaca, NY, USA* *; 3. Harvard Medical School, Boston, MA, USA*

**Background:** The life expectancy of patients with cystic fibrosis (CF) continues to rise, but CF remains a life‐limiting illness. Despite this fact, advance care planning (ACP) is discussed at low rates in health care settings, which could leave patients without end‐of‐life care plans that uphold their values. The role of coping mechanisms in ACP has not been assessed in CF patients; maladaptive coping, such as avoidance, has been suggested as a potential barrier in communicating about ACP with patients whose end of life may progress at an unexpected rate. This study evaluated whether coping style was related to comfort in discussing, and actual completion of, ACP, independent of illness severity.

**Methods:** Participants (*N*=218) were individuals from the Project on Adult Care in Cystic Fibrosis, a longitudinal cohort survey study. On a 4‐point scale (1=very comfortable; 4=not at all comfortable), participants reported their comfort with: discussing ACP with family and CF providers, and appointing a medical decision maker. For ACP completion (yes/no), participants reported completion of a(n) 1) health care proxy, 2) living will, and 3) authorization for organ donation. Coping style was measured by the CF Coping Scale (0‐100), measuring four coping styles: optimistic acceptance, avoidance, distraction, and hopefulness. Pearson correlations assessed the relationship between ACP variables (comfort and completion). A hierarchical regression evaluated the association of comfort with ACP by coping style. Logistic regression evaluated the relationship between ACP completion and coping style. Covariates for all analyses included: illness severity (number of pulmonary exacerbations and FEV~1~), age, gender, education, weight percentile, diabetes, pancreatic sufficiency, and colonization with *Staphylococcus aureus*, *Pseudomonas aeruginosa,* and/or *Burkholderia cepacia*.

**Results:** Participants had a mean age of 35 years (range=20‐65). Participants reported the following comfort levels for ACP discussion: 59%=very comfortable, 28%=somewhat comfortable, 11%=not very comfortable, and 1%=not at all comfortable; only 19‐31% of participants had completed the various types of ACP. Comfort level was significantly correlated with completing a health care proxy and living will (*p*s≤.001), but not authorization of organ donation (*p*=.600). Greater optimistic coping was significantly related to more comfort in discussing ACP (*p*=.002). Greater avoidant coping was significantly related to less comfort in discussing ACP (*p*=.040). No other coping styles were significantly related to comfort level. Completion of ACP was not significantly related to any coping style (*p*s≥.286).

**Conclusions:** In adults with CF, optimistic coping may increase comfort, whereas avoidant coping may interfere, with discussion of ACP, independent of age and CF illness severity. Completing ACP was significantly correlated with comfort level and not coping style, suggesting that increasing comfort level may be an indirect path toward ACP completion for CF patients. The current analysis suggests that targeting coping style may increase CF patients\' recognition of the advantages and importance of ACP.

**740\***

**ASSESSING KNOWLEDGE AND PERCEPTIONS OF PALLIATIVE CARE AMONG PATIENTS, CAREGIVERS, AND CF CARE PROVIDERS**

Prieur, M.G.^1^; Shay, R.^1^; Helms, S.W.^1^; Hailey, C.E.^1^; Carney, S.^2^; Schmidt, H.J.^3^; Carroll, D.^2^; [Dellon, E.P.]{.ul} ^1^ *1. University of North Carolina, Chapel Hill, NC, USA* *; 2. University of South Carolina, Columbia, SC, USA* *; 3. Virginia Commonwealth University, Richmond, VA, USA*

**Background:** Even as promising new therapies for CF emerge, people with CF and their families face the challenge of managing a serious chronic illness while coping with the expectation of shortened life expectancy. Palliative care, an approach to care focused on enhancing quality of life, is considered standard of care for people with serious and chronic illnesses, but there is no consensus about how to incorporate palliative care principles and practice into CF care.

**Objective:** We aimed 1) to determine knowledge and perceptions of palliative care among adults with CF, parents of adolescents with CF, and CF care providers; 2) to elicit opinions about incorporating palliative care into CF care; and 3) to elicit recommendations for CF‐specific education about palliative care.

**Methods:** We conducted semi‐structured interviews with adults with CF, parents of adolescents with CF, and CF care providers. Following initial questions about prior knowledge, experience and perceptions of palliative care, participants were provided a standard definition of palliative care. This was meant to frame further discussion regarding incorporation of palliative care into CF care as well as creation of palliative care education. Interview transcripts were reviewed for recurring themes.

**Results:** Ten adults (6 men, median age 30, median FEV~1~ 57% predicted), 10 parents of adolescent patients (patient median age 16, median FEV~1~ 92% predicted), and 8 providers (5 physicians, 3 nurses; 50% pediatric providers) were interviewed. Half of patients and 3 parents had never heard of palliative care. A majority of participants from all groups associated palliative care with hospice, end of life, and relief of suffering. Patients and parents felt that palliative care could be helpful in planning for the future, providing emotional support, and facilitating patient‐provider communication. After hearing a definition of palliative care, 50% of patients and 80% of parents felt palliative care could be helpful to people with CF. Half of CF providers could envision referring patients for palliative care consultation but noted the association with end of life may be a barrier. Recommendations for educating patients and families about palliative care included having a CF care team member introduce the concept, including definitions, examples and resources, and initiating conversations before sharing written or online materials.

**Conclusions:** Despite the high burden of symptoms, disease‐related care, and limited life expectancy in CF, many patients and parents are unfamiliar with palliative care and how it could be helpful to people with CF and their families. Educating CF providers about palliative care would allow them to initiate conversations with patients and families that would help identify needs and improve knowledge of and access to palliative care. This has the potential to improve patient and family‐centered outcomes. We have developed and are currently testing CF‐specific standardized education about palliative care.

**Support:** Cystic Fibrosis Foundation (DELLON14QI0).

**741** **\*** **▴**

**SEEKING INFORMATION ON WHAT MATTERS MOST TO PATIENTS: USING QUALITATIVE RESEARCH IN DESIGNING A DECISION AID FOR ADVANCE CARE PLANNING FOR CYSTIC FIBROSIS**

[Basile, M.]{.ul} ^1^; Andrews, J.^1^; Hajiliadas, D.^2^; Wang, J.^1^; Hajizadeh, N.^1^ *1. Medicine, Northwell Health, Manhasset, NY, USA* *; 2. Medicine, University of Pennsylvania School of Medicine, Philadelphia, PA, USA*

**Purpose:** To obtain input from CF patients and caregivers in early stage design of a decision aid for advance care planning for CF.

**Method:** We conducted: 3 focus groups (2 patient/1 caregiver), follow‐up phone interviews with 12 focus group participants (9 patients/3 caregivers), and 6 inpatient interviews. We sought information from participants on: a) prior conversations with clinicians about advance care planning; b) existing knowledge about treatments such as lung transplant and mechanical ventilation/intubation; and c) important information needed for decision making. All focus groups and interviews were audio recorded and transcribed for thematic analysis.

**Result:** Early qualitative analysis shows a majority of participants have had conversations with clinicians about lung transplant, but few have discussed intubation. Several people felt they did not want to discuss intubation unless they knew with certainty that they would need it. Most participants knew what lung transplant involved, but only those who had experienced intubation knew anything about the possibility of being intubated. Upon learning about intubation, most CF participants stated they would not want it if it was permanent. Most participants viewed lung transplant favorably and would consider it, but a small number of participants stated they did not want it due to the risks. One CF inpatient mentioned he did not have the support network in place for his recovery: "I\'m still thinking about lung transplant; but, mostly, when they describe to me how it is---they told me there must be a family member to be with you, but I have nobody to do that. My ma works." When asked what information people needed in order to feel they were making an informed decision regarding advanced care, some felt prognostic estimates were necessary while others felt it was a bad idea to ask about survival because "by asking the question 'will I live,\' you\'re basically saying to yourself, 'I may die,\' and that\'s the worst thing you could do to yourself." Most patients felt it would be helpful to hear other CF people\'s experiences with lung transplant and intubation with several participants stating that they follow blogs by lung transplant survivors.

**Conclusion:** Most clinicians discuss lung transplant but not intubation with CF patients. This may be due to prognostic uncertainty on the part of both clinicians and patients regarding which patients may end up needing to be intubated. It may also mean that clinicians avoid conversations about intubation because it is associated with dying. The fact that there is a great deal of variation in people\'s desires to hear prognostic estimates suggests that care should be taken when assessing whether to convey such information to a patient. Decision aids used to facilitate shared decision making should elicit not only patients\' values and preferences for outcomes but also their lived experiences, preconceived notions about treatment, and fears, all of which may impact how people understand medical information conveyed by clinicians, and which may be critical to understanding data for informed decision making.

**742\***

**ASSESSMENT OF CYSTIC FIBROSIS CENTER PRACTICES FOR PATIENT TRANSITION TO TRANSPLANT**

[Tallarico, E.]{.ul}; Thaxton, A.; Merlo, C. *School of Medicine, Johns Hopkins University, Baltimore, MD, USA*

**Introduction:** Although novel therapies have increased the average life‐span of patients with cystic fibrosis (CF) to 39 years, many individuals with CF still develop end‐stage lung disease and lung transplantation remains an effective intervention that improves survival. The transition to lung transplantation is a complex process that involves shared decision between providers and patients that should take into account disease severity, social factors, and mental health physiologic criteria as well as social and mental health and requires multidisciplinary coordination. Despite advances in the transition process for CF from pediatric care to adult care, little is known about the transition process to lung transplantation for those patients with CF and end‐stage lung disease. The aim of the study, therefore, is to evaluate how CF centers transition patients to transplantation and to understand the interaction between CF and transplant teams at CF centers.

**Methods:** This is a qualitative pilot study to evaluate current practices for transition to transplant at CF centers through using an electronic survey. The survey was delivered via email to CFF network registered nurses using Qualtrics (Qualtrics, Provo, UT, Version June 2016), an online survey software. The survey questions explored CFF network RN\'s experience with transplant discussion, evaluation, and referrals at each center. This study was approved by the Johns Hopkins Institutional Review Board.

**Results:** Data analysis is ongoing and results will be available by July. We expect to identify common and discordant themes among different CF center practices of transitioning patients to transplant.

**Conclusions:** Understanding current practice of transitioning individuals with CF to transplant will not only help aid in the formation of a formalized transition program among CF centers, but will also help guide transplant transition research development among individuals with CF.

**743**

**IMPROVING OUTCOMES FOLLOWING CHANGES IN THE CFRD CARE SETUP OF AN ADULT CF CENTRE**

[Foulstone, K.]{.ul} ^1^; Milne, A.^1^; Whitehead, V.^2^; Elliott, J.^2^; Hoo, Z.^3,1^; Edenborough, F.^1^ *1. Sheffield Adult CF Centre, Northern General Hospital, Sheffield, South Yorkshire, United Kingdom* *; 2. The Sheffield Diabetes and Endocrine Centre, Northern General Hospital, Sheffield, South Yorkshire, United Kingdom* *; 3. ScHARR, University of Sheffield, Sheffield, South Yorkshire, United Kingdom*

**Introduction:** The setup of CFRD care for adults with CF in Sheffield was changed in April 2014, with the introduction of monthly joint consultant‐led CFRD clinics, support by a diabetes specialist nurse (DSN), and a CF specialist nurse coordinating CFRD care and screening. Patients also receive interim appointments or telephone/text message support as required from the DSN. There is better communication between CF and diabetes teams and the need for insulin adjustments/regimen change is recognised more promptly.

This is a before and after comparison to explore the impact of this new CFRD care setup.

**Methods:** A retrospective review of all the HbA1c levels (normal range 19‐48mmol/mol) for adults with CFRD in Sheffield since November 2013 was performed. HbA1c levels were analysed at a 6‐monthly interval, with the most up‐to‐date HbA1c level for a given period used for analysis if there were more than one HbA1c result in a 6‐month interval.

Descriptive statistics of the HbA1c levels were performed. HbA1c levels at baseline were also compared against the levels at months 6, 12, 18 and 24 using paired t‐test.

**Results:** All 47 adults with CFRD in Sheffield have received CFRD care with this new setup since April 2014. The median age of the cohort is 31 years (IQR 23 to 38 years), everyone is pancreatic insufficient, with 22/47 (46.8%) females, 42/47 (89.4%) homozygous for class I‐III mutations (based on international consensus) and 31/47 (66.0%) have chronic *Pseudomonas* (based on Leeds criteria).

There is a trend of improving HbA1c levels and reducing variability in the HbA1c levels for the cohort of adults with CFRD. These improvements are statistically and potentially clinically significant. These improvements are also sustained over a 2‐year period.

**Conclusions:** Following the implementation of the new CFRD care setup in the Sheffield Adult CF Centre, there have been significant improvements of HbA1c levels sustained over 2 years, which indicates better diabetes control. Further longitudinal data will be collected to determine the impact of these improvements on other health outcomes (such as FEV1, BMI and exacerbation rates) and to determine whether these improvements persist over a longer period.

**HbA1c results over a 2 year period**
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**744**

**PERCEIVED READINESS TO TRANSITION TO ADULT HEALTHCARE FOR YOUTH WITH CYSTIC FIBROSIS AND CONGRUENCE WITH THEIR CAREGIVERS\' VIEWS**

Lapp, V. *Nursing, UCF, Orlando, FL, USA*

**Objective:** To examine how readiness for transition to adult health care and self‐care management skills in youth with cystic fibrosis (CF) is related to age, caregiver congruence on perceived transition readiness, and frequency of transition discussion with provider.

**Methods:** A descriptive, correlational, cross‐sectional design investigated how perception of readiness to transition to adult health care for youth with CF is related to age for five self‐care management activities (managing medications, appointment keeping, tracking health issues, talking with providers, and managing daily activities). Youth with CF (*n* = 58), age 14‐22 years (*m* = 16.5), and 52 caregivers were recruited from 4 pediatric CF clinics in Florida. The Transition Readiness Assessment Questionnaire (TRAQ; Wood DL, et al., Acad Pediatr. 2014;14:415‐22) and a modified version (TRAQ‐C) for caregivers, with a Likert‐type scale (1‐5) were utilized for data collection. These instruments are based in a behavior Stages of Change Model and rank acquisition of skill level through five stages of readiness to perform the task.

**Results:** All five‐regression equations suggest that age predicts youth perception of self‐care management skill in all five domains on the TRAQ (*p* ≤ .009). A paired t‐test was utilized to compare the overall TRAQ and TRAQ‐C mean scores between youth and caregiver dyads. Youth scored significantly higher in perception of self‐care skill management (*m* = 3.187, *sd* = .769) than caregivers (*m* = 2.490, *sd* = .788; *t* = 7.408, *df* = 51, *p* \< .001). The majority of youth perceived skills as contemplating or desiring to learn in the domains of medication management, appointment keeping, and tracking health issues. The majority of youth perceived they were actively completing skills in the domains of talking with providers and managing daily activities. The agreement between youth and caregivers that a transition discussion with providers had occurred was statistically significant (*p* = .003).

**Conclusions:** Findings indicate that although increasing age predicts perception of self‐care management, the majority of youth age 18‐22 were still contemplating skills required in the domain of appointment keeping, and were starting to learn skills in the domain of tracking health issues, and therefore still dependent on their caregivers. Further results indicate that at age 14 youth are contemplating, or beginning to learn self‐care management skills in three of the five domains, with the majority actively talking to providers and managing daily activities. This indicates that age 14 is appropriate to begin transition skill evaluation. Despite the differences in perception of skills between youth and caregiver, scores from all self‐care management domains followed a similar trend, thereby arguing validity of the scores. Participation in this study elicited appreciation, increased self‐reflection, and raised awareness of skills necessary for independent care as they reflected on completion of the questionnaire. Anecdotal comments from caregivers indicated that they had not considered transferring knowledge of certain skills to their child necessary for adult care, underscoring the importance of beginning transition discussion and skill evaluation in youth with CF at an early age.

**745**

**A RETROSPECTIVE SURVEY OF PATIENT EXPERIENCE WITH PEDIATRIC TO ADULT TRANSITION OF CF CARE**

[Middour‐Oxler, B.J.]{.ul} ^1^; Bergman, S.^2^; Blair, S.D.^3^; Pendley, S.^3^; Crews, B.^3^; Siragusa, A.^3^; Walker, S.D.^4^; Stecenko, A.^5^; Hunt, W.R.^4^ *1. Augusta Univ, Augusta, GA, USA* *; 2. Dept Psychology, Appalachian State Univ, Boone, NC, USA* *; 3. Children\'s Healthcare of Atlanta, Atlanta, GA, USA* *; 4. Dept Medicine, Emory Univ, Atlanta, GA, USA* *; 5. Dept Pediatrics, Emory Univ, Atlanta, GA, USA*

**Introduction:** More cystic fibrosis (CF) patients are living into adulthood and therefore require becoming an active partner in their adult care. The importance of pediatric to adult healthcare transition is recognized by the CF Foundation and the American Academy of Pediatrics; however, best practices associated with the transfer of care remain unclear.

**Methods:** The Emory+Children\'s CF Care Center is composed of two pediatric CF programs (Scottish Rite, SR, and Emory+Egleston, EE) that feed into one adult CF program at Emory. The SR pediatric program initiated a formalized transition program in 2009 and EE in 2013 with transfer age at 17 and 21 respectively. The transition process cumulates with a combined pediatric‐adult CF capstone clinic held in the pediatric clinic. A 43‐question Likert‐type retrospective survey was given to patients who transferred from pediatric to adult care between 1/1/2009 and 12/31/2015 with the objective to examine patient anxiety, perceived readiness, and satisfaction with the transition process.

**Results:** Of 90 transfer patients, 51 (57%) completed the survey (SR=23, EE=28). Analysis revealed high levels of anxiety regarding transitioning care with 53% reporting they were somewhat or very anxious at the time of transfer. Respondents were less anxious if they reported higher satisfaction with their opportunities to discuss transfer questions and transfer timing with their providers (*r*=‐0.36, *p*=0.011, *r*=‐0.4, *p*=0.004 respectively). Approximately half of participants were satisfied with their transition timing. Others preferred an earlier (SR 9%; EE 21%) or a later (SR 43%; EE 32%) transfer. Of survey respondents, 81% agreed or strongly agreed that meeting with adult CF providers in the pediatric clinic reduced their anxiety. Despite 73% of respondents reporting they were independent in their care at transition, they also reported self‐identified knowledge deficits in insurance knowledge (66%), medication refills (43%), and making clinic appointments (24%). Comparison of patients who transferred before a formal transition program was implemented to patients who participated in our formalized transition process demonstrated higher levels of satisfaction with the transfer of their care in those who participated in the formal transition program (*X* ^*2*^ *(4)*=10.15, *p*=0.038).

**Conclusion:** The majority of patients found it anxiety‐provoking to leave their pediatric providers, although inclusion of adult CF providers within their final visit to the pediatric clinic attenuated this concern. Patients vary in readiness and preference for transition timing. Despite a high level of patient‐perceived transition readiness, patients reported significant knowledge deficits. Future transition programs may benefit from partnering with adolescents to choose a transition time based on individual skill mastery and readiness rather than age.

Support: CFF OneCF Center LLC grant, HRSA AENT grant (HRSA‐16‐071, Middour‐Oxler).

**746**

**ADHERENCE TO MEDICAL REGIMENS AFTER LUNG TRANSPLANTATION CAN BE INCREASED**

[Skogeland, U.]{.ul}; Hjelte, L.; de Monestrol, I. *Stockholm CF Center, Karolinska University Hospital, Karolinska Institutet, Stockholm, Sweden*

**Introduction:** We have previously shown (Skogeland, U et al. Pediatr Pulmonol 2014; 49(538):451) that under a short time period (four months) CF patients can increase their adherence to anti‐rejection medication by the use of Motivational Interviewing (MI).

**Aim:** To investigate whether the patients could continue to be more adherent over a longer period of time by the use of this method.

**Patients:** Sixteen lung‐transplanted CF patients (10 M/ 6 F) with a mean age of 33 (±16) years followed at Stockholm CF Center participated in the study. Mean number of years from transplantation was 6 years (range 3 months to 22.5 years). Thirteen patients participated throughout the two‐year study period, 2 died, 1 patient moved to another city and was lost for follow‐up for 17 months.

**Method:** A nurse (SU) at every visit (minimum monthly) used Motivational Interviewing as a directive person‐centred approach designed to activate motivation for change, i.e. in this case to become more adherent to anti‐rejection therapy.

As in the previous study the following 3 questionnaires were used (minimum monthly): 1) IMAB (Identifying Medication Adherence Barriers), a self‐report questionnaire which consists of 28 statements referring to common barriers to medication‐taking with a category response option for each statement. 2) BAASIS (Basel Assessment of Adherence Scale for Immunosuppressive) and 3) TAQ (The Transplant Adherence Questionnaire).

Adherence of the patients was defined as taking medications, timing within 2 hours of prescribed/scheduled time and dosage.

The patients were followed from April 2014 until April 2016 during which time questionnaires were filled in monthly. A nurse also called the patients (n=3) who were the most frequently "nonadherent" between their visits to the clinic.

**Result:** Every age group increased their adherence. Mean adherence of the patients (defined as above) was initially 40%, which rose to over 80% and was maintained at the level with the highest adherence of 93% and temporarily dropped to 64% in January 2015 and 73% in January 2016. The most compliant group was the age group ≥43 years. They increased their adherence from 63% to 86%. The most nonadherent was the age group 19‐30 years. They increased their adherence from 25% to 50%. The age group 31‐42 years increased from 33% to 67%.

The patients had most difficulties with the timing. At baseline 40% of the patients were adherent to timing and at the end of this study, 86%. As in our short‐term study, males were more adherent than females. Males increased their overall adherence from 33% to 89%; females from 50% to 80%.

**Conclusion:** We have shown that by the use of Motivational Interviewing (and telephone calls) patients can maintain a higher degree of adherence over time.

Our results support MI to be a feasible and acceptable intevention which easily can be used in the clinic to help lung‐transplanted patients to become more adherent to anti‐rejection medication.

**747**

**STANDARDIZING DELIVERY OF MICROBIOLOGY RESULTS**

[Pike, M.L.]{.ul}; Dean, V.L. *Mayo Clinic, Rochester, MN, USA*

**Background:** Microbiology results were delivered to patients and/or their families by many means depending on the patient\'s and/or physician\'s preference. This practice was inefficient and had the potential to cause delays in treatment.

**Objective:** The purpose of this study was to standardize the reporting of throat and sputum microbiology results to patients and/or their families. Standardization decreases the time between the collection of the specimen and delivery of subsequent results, decreases inefficiencies in the delivery communication method, and improves patient satisfaction. Standardizing the delivery of microbiology results also benefits the Cystic Fibrosis (CF) RN care coordinator by reducing the number of telephone calls and time spent on the telephone communicating results that resulted in no change to the plan of care.

**Method:** Surveys were sent to 84 patients and/or their families to assess their satisfaction in the delivery of microbiology results. A total of 36 surveys were returned. It was calculated that 39% of patients and/or their families were very satisfied with the current process, 8% were satisfied and 14% were neutral. In that survey, patients and/or their families were also asked to indicate their preferred method of communication related to microbiology results. Most patients and/or their families preferred to receive results via the electronic medical record online messaging option or to receive a telephone call. Following the survey, a practice change was made. The CF RN care coordinator monitored all pending microbiology results on a daily basis. Once the cultures finalized, they were sent to the physician for interpretation and review. If there were no changes from previous culture results and no change to the plan of care, patients were sent a brief online message from the CF RN care coordinator. The message explained the results and included a copy of the results. If the patient and/or their family did not have access to online messaging, a clinical note explaining the results and a copy of the results were mailed to their home. If there was a change in the results and/or a change in the plan of care, the new information was shared with patients and/or their families via a telephone call, and they were mailed a copy of the results to their home. To provide patient/family education, with each mailing, a copy of "Germs and Cystic Fibrosis: the Facts" was included. After piloting the practice change for 6 months, the same survey was sent again to the same 84 patients and families.

**Results:** A total of 24 of the 84 surveys were returned, and the results following the pilot were as follows: 63% of the patients and families were very satisfied, 25% were satisfied and 13% were neutral. Staff satisfaction has increased due to fewer telephone calls and time spent on the telephone.

**Conclusion:** Standardizing the delivery of microbiology results has increased both patient/family and staff satisfaction, decreases the time between the collection of the specimen and delivery of subsequent results, decreases inefficiencies in the delivery communication method, and provided an opportunity to educate patients and/or families.

**748**

**FEMALE FERTILITY IN THE AGE OF NEW CFTR‐MODULATING DRUGS**

[Ladores, S.L.]{.ul}; Raju, D.; Bray, L. *School of Nursing, University of Alabama at Birmingham, Hoover, AL, USA*

**Background:** With advances in research, genetic testing, therapeutics, and comprehensive care, people with CF are living into adulthood and engaging in developmental milestones including parenthood. The CF Foundation Patient Registry indicates that the number of CF women who became pregnant has doubled in the last 20 years. As new CFTR‐modulating drugs are approved, the number of pregnancies will likely continue to increase. Specifically, the combination drug ivacaftor/lumacaftor targets the underlying cause of CF for people with homozygous F508del mutation (double ΔF508), and has been shown to improve patient\'s FEV1 and sweat chloride concentration; however, its impact on fertility has not been studied. This study aims to explore the perceptions of women of childbearing age with double ΔF508 on fertility changes secondary to the drug.

**Methods:** A semi‐structured, audiotaped interview was conducted with ten women ages 25‐34 with double ΔF508, FEV1 ≥40%, and proficient in English. Interview transcripts were reviewed, coded, and analyzed using Braun and Clarke\'s approach for thematic analysis.

**Results:** Three main themes emerged that described the participants\' perceptions on fertility, reproductive health, and the potential impact of ivacaftor/lumacaftor: (1) "Positive, negative, and unknown effects of ivacaftor/lumacaftor"; (2) "Need for comprehensive reproductive and sexual health education and counseling by the CF care team"; and (3) "Wanting to have a child despite knowing or suspecting impaired fertility." Half of the participants were on ivacaftor/lumacaftor, and described positive effects, i.e., lung clearance, increased energy, and improved quality of life. Several identified negative effects, i.e., loose stools and chest tightness. The majority shared concerns about the drug\'s unknown fetal effects. All of the participants believe that the drug has the potential to affect fertility, mainly by making cervical mucus less viscous, thus allowing for easier sperm transport. One participant directly linked her pregnancy to the drug after taking it for two weeks. Secondly, participants described how there was no uniformity in how reproductive and sexual health information was disseminated, and reported a desire for more collaboration with their CF care team when discussing pregnancy plans. Lastly, all of the participants wished to have at least one child despite knowing or suspecting that they may have problems conceiving secondary to CF. Two participants shared that being on ivacaftor/lumacaftor made it possible for them to make plans for the future, which include being mothers.

**Conclusions:** This study illustrated that women of childbearing age with double ΔF508 want to become mothers even with potentially impaired fertility. While there is currently no clear evidence that shows ivacaftor/lumacaftor improves fertility, these women are hopeful that targeted therapeutics will make their dream of motherhood a reality. They are also aware of the drug\'s effects and concerned about its unknown effects on the fetus. They desire comprehensive clinical care that includes discussions about fertility and reproductive health with their CF care team. Several implications for practice, education, and research are gleaned from this study.

**749**

**USING NURSE COMMUNICATION DURING TRANSITIONS OF CARE TO INCREASE MONITORING DURING HOME INTRAVENOUS ANTIBIOTIC COURSES**

[Enochs, C.]{.ul}; Kleweno, C.; Filbrun, A.; Nasr, S. *Pediatric Pulmonology, University of Michigan, Ann Arbor, MI, USA*

**Introduction:** Cystic fibrosis (CF) is a life‐shortening genetic disease that can require frequent use of intravenous antibiotics (IVABX). Use of aminoglycoside antibiotics increases the risk for acute kidney injury and chronic kidney disease and requires close monitoring of drug levels and renal function. In our CF center, patients often initiate treatment in the hospital then are discharged home for completion of their IVABX course. We identified this transition point as a time where receipt and/or review of laboratory results may be delayed or missed.

**Purpose:** To determine whether a structured communication plan between the inpatient nurse (RN) case manager and ambulatory care clinic RNs would provide more consistent and timely monitoring of antibiotic levels and renal function in CF patients on home IV therapy.

**Method:** The current communication method was evaluated for consistency of notification to the outpatient team when patient discharges occurred. There was no consistent notification process between the inpatient and outpatient teams. A structured process in the electronic medical record (EMR) was developed through collaboration between the inpatient RN case manager and the ambulatory care clinic RNs. The case manager began sending a notification to the ambulatory care RN inbasket in the EMR when a patient was discharged on home IVABX. The new process was implemented October 1, 2014. The CFF Patient Registry was used to identify patients who had a course of home IVABX one year before and after implementation of the structured process. A retrospective chart review of those patients was used to identify the number of missed or delayed labs received in the CF clinic one year prior to and one year following implementation. Missed laboratory results were defined as those that were not documented as reviewed in the EMR. Delayed laboratory results were defined as documentation of receipt and review \>1 business day after draw for all lab tests except amikacin trough. Delay for amikacin trough results was defined as \>2 business days after draw.

**Results:** Prior to intervention (October 1, 2013 to September 30, 2014), 75 patients required monitoring of drug levels and/or renal function. Nine instances (12%) of missed initial results were identified in seven patients. Two patients had lab results that were not received for two consecutive weeks. Delayed results were identified in 12 patients (16%). After intervention (October 1, 2014 to September 30, 2015), 53 patients required monitoring of drug levels and/or renal function. One patient was identified as having missed initial laboratory results (1.9%). Seven patients had a delay in result follow‐up (13.2%).

**Conclusion:** Implementation of a structured communication process during transition of care for CF patients receiving home IVABX therapy from inpatient to ambulatory care has decreased missed laboratory results in the year following intervention. The RN‐to‐RN communication has increased our clinic\'s awareness of patients in need of laboratory monitoring so further action can be taken if results are not received when anticipated. Delay in laboratory follow‐up was identified as an area needing further investigation for cause and possible interventions.

**750**

**USE OF RN CLINICAL COORDINATOR TO REDUCE 30‐DAY READMISSION RATE AND COST**

[Lucia, R.J.]{.ul}; Green, M.; Nelson, S. *Children\'s Hospital of Illinois, Peoria, IL, USA*

**Background:** Adults with cystic fibrosis have special healthcare needs and require coordination of complex health care services, particularly as it relates to hospitalization. During inpatient stays, attending and resident physicians rotate on the units. Inpatient staff may become familiar with patients that are frequently readmitted; however, there is often limited in‐depth knowledge of the recommended cystic fibrosis care guidelines. The resulting care provided to patients with cystic fibrosis can be fragmented and inefficient resulting in readmissions within 30 days. In the State of Illinois, Medicaid does not reimburse hospitals for readmissions that occur within 30 days of discharge; therefore, appropriate management of patients with complex health needs is not only important for the patient\'s long‐term health, but also for the financial stability of the institution.

**Assessment:** In 2014 there were 511 hospital days (days admitted in the hospital) for patients with cystic fibrosis. Of the 511 days, 99 were related to 30‐day readmissions. One patient accounted for 88 of the 99 hospital days.

Average cost per day for an adult Cystic Fibrosis admission at our institution is \$7176. In the first 8 months of 2015 the rate of readmissions within 30 days had escalated to 125. Without intervention, there was an estimated 187 days of readmission for calendar year 2015. The cost of these admissions would amount to \$1,341,912.00 in losses.

**Methods:** Admission statistics and financial data were analyzed and presented to the hospital\'s administration. A job description was developed with primary responsibilities to include: 1) daily inpatient rounding, including an expanded nursing assessment to ensure needs are being met; 2) daily communication with supervising attending physicians to discuss plan of care, and; 3) education for hospital staff (physicians, residents, bedside nurses, and ancillary staff) regarding cystic fibrosis. A registered nurse was then hired for the Inpatient Clinical Coordinator position.

Patients and providers were polled in person regarding their satisfaction with the new inpatient clinical coordinator.

**Results:** Within the first 5 months of the establishment of the Inpatient Clinical Coordinator there has been a decrease in the average readmissions within 30 days from 15.6 days/month to 9 days/month. This has resulted in a cost saving of approximately \$47,360 per month for the hospital. With an average salary and benefit package of \$67,807, the RN position paid for itself in the first two months of the program.

There has also been an increase in collaboration between the outpatient and inpatient physicians and staff. Patient satisfaction has increased due to the coordination of services. Satisfaction has also increased with the attending staff and residents.

**Conclusion:** The establishment of the RN Inpatient Clinical Coordinator position has increased patient and professional staff satisfaction and decreased the financial burden on the hospital resulting from readmissions within 30 days of discharge.

**751**

**LUNG FUNCTION TRENDS PRE‐ AND POST‐PREGNANCY IN AN ADULT CYSTIC FIBROSIS SERVICE**

[Williams, E.]{.ul} ^1^; Finlayson, F.^1^; Allen‐Graham, J.^1^; Clark, D.^1^; Wilson, J.^1,2^ *1. Cystic Fibrosis Service, Alfred Hospital, Melbourne, VIC, Australia* *; 2. Monash University, Melbourne, VIC, Australia*

**Objective:** To analyse and compare pulmonary function test results in a cohort of cystic fibrosis mothers before and after pregnancy.

**Method:** A retrospective cohort analysis was conducted to examine data from 1976 through to 2016. All women who successfully completed a pregnancy were evaluated. The lung function parameter used was forced expiratory volume in one second (FEV1). The best FEV1 as a percent of predicted normal (FEV1% pred) was determined for each of the 5 years pre‐ and post‐delivery. Mothers were excluded from comparison if there were less than two data points available. Lung function performed post‐transplant was not included. A diagnosis of diabetes, CF mutation status and time to subsequent lung transplantion was also noted.

**Results:** The analysis revealed that 43 mothers delivered 60 children. At least two FEV1% pred results were available on 23 mothers who had a total of 31 children. The mean age of the mothers at the time of each birth was 32 years (18‐42). Either gestational diabetes or pre‐existing CF‐related diabetes (CFRD) was seen in 8/23 women. No women with diabetes had multiple pregnancies. Nine women went on to undergo lung transplantation. The mean time from the last delivery to transplantation was 6.1 years (0.07‐21.00). Four of 9 mothers (44%) who went on to lung transplantation had diabetes. These 4 women had a mean time to transplant from delivery of 3.3 years (0.07‐5.0 years).

Comparison of lung function data in several other sub‐groups revealed statistically significant differences in FEV1 % predicted over time. When comparing lung function variations in those women who were homozygous F508del (n=6; mean age 31 years) to nonhomozygotes (n=17; mean age 32 years), the difference in the average rate of decline per year over the 10 years was 2.68% vs 1.42% respectively (p=\<0.01).

The most significant difference in lung function trends can be seen in the diabetes (n=8) and nondiabetes (n=23) groups. The mean age for both these groups was 32 years. The difference in the average rate of decline per year over the 10 years was 3.08% vs 1.31% respectively (p=\<0.01).

**Conclusion:** Analysis of this cohort illustrates that women with diabetes have a lower pre‐pregnancy FEV1% predicted. The diabetes group also appear to have an accelerated rate of decline post‐delivery. In addition, those who are homozygous F508del have an accelerated rate of decline in FEV1% pred pre‐ and post‐delivery when compared to those who not homozygous F508del.

This data set suggests that mothers with CFRD and/or homozygous F508del are at a higher risk of accelerated lung function decline before and after pregnancy.

**752**

**IMPACT OF COVERAGE AND COST SHARING ON ACCESS TO CARE FOR PATIENTS WITH CYSTIC FIBROSIS**

[Erdo, J.]{.ul}; Falardeau, S.; Motgi, A.; Feng, L. *Public Policy, Cystic Fibrosis Foundation, Bethesda, MD, USA*

**Background:** The rising cost of health care coupled with a trend toward increased patient cost sharing is of significant concern in the cystic fibrosis (CF) community. A 2014 Commonwealth Fund study found nearly one in four privately insured adults with deductibles under 5% of their annual income skipped needed care; this rose to 40% of individuals with high deductibles. With specialty medications and care forming the core of the CF treatment regimen, higher costs for CF patients could impact access to care.

**Objective:** To determine the impact of health care coverage and out‐of‐pocket (OOP) costs on access to care and treatments for CF patients.

**Methods:** This study used a mixed methods design. An online survey was completed by 1,082 CF patients and caregivers. Respondents were surveyed on cost sharing responsibilities and their impact on care‐seeking behaviors, insurance coverage and the use of supplemental coverage or financial support. A subset of respondents participated in a guided phone interview.

**Results:** Ninety‐nine percent of patients reported having health insurance in 2015; 20% of whom had two forms of coverage. A third of patients reported coverage by Medicare, Medicaid, CHIP, or state programs. Due to cost concerns, 22% of patients reported delaying seeking or getting medical care and 24% reported taking smaller or fewer doses of prescribed medications. Patients with higher OOP responsibilities or lower household incomes reported delaying care or reducing medications more often than those with lower OOP expenses or those in the highest income bracket. Patients covered by Medicaid or Medicare reported reducing the dose or frequency of prescribed medications significantly more often than those with other insurance types (29% and 46%, respectively). Findings from the guided interviews followed the themes of the online survey. Many respondents discussed delaying care or skipping medications due to cost concerns, despite having insurance. Some interviewees also noted administrative barriers (e.g. prior authorizations) as a cause of missed doses of prescribed medications. Financial stress was discussed in every interview, with many caregivers and patients elaborating on the burden of indirect expenses; adult patients noted this stress was exacerbated by difficulties maintaining full‐time work.

**Conclusions:** This study informs payors of the financial burdens that influence access to care for patients with CF. Individuals covered by public programs, those with higher OOP expenses, and those with lower household incomes are more sensitive to elevated OOP spending and more likely to reduce doses of prescribed medications or delay care as a result. In addition to costs related directly to health care, patients are further burdened by indirect expenses, including transportation costs to attend clinic visits, food costs, and OOP payments for noncovered products. For patients with CF, such reductions in care or treatment could result in serious adverse health consequences. Further research should address the impact of cost‐sharing and social determinants of health on clinical outcomes.

**Sponsorship:** This survey was conducted by Shugoll Research, Inc. in partnership with and funded by the Cystic Fibrosis Foundation.

**753**

**COVERAGE AND COST SHARING TRENDS OVER TIME AMONG PATIENTS WITH CYSTIC FIBROSIS**

[Erdo, J.]{.ul}; Motgi, A.; Falardeau, S.; Feng, L. *Public Policy, Cystic Fibrosis Foundation, Bethesda, MD, USA*

**Background:** The rising cost of health care coupled with a trend toward increased patient cost sharing is of significant concern in the cystic fibrosis (CF) community. A 2014 Commonwealth Fund study found nearly one in four privately insured adults with deductibles under 5% of their annual income skipped needed care; this rose to 40% of individuals with deductibles accounting for 5% or more of their income. With specialty medications and care forming the core of the CF treatment regimen, higher costs for CF patients could impact access to timely and lifesaving care.

**Objective:** To determine the impact of out‐of‐pocket costs on access to care and treatments for patients with cystic fibrosis.

**Methods:** Anonymous online surveys of CF patients and caregivers were conducted annually from 2008 to 2015. The response rates ranged from 7‐17% of those contacted to participate. Respondents were surveyed on cost sharing responsibilities and their impact on care‐seeking behaviors, insurance coverage and the use of supplemental coverage or financial support. Trends over time were compiled to examine changes in insurance and patient concerns.

**Results:** From 2008‐2015, 99‐100% of CF patients had health insurance coverage. An average of 71% of patients obtained health insurance through an employer while an average of 26% obtained health insurance through Medicare or Medicaid. Type of coverage remained stable over time except for a 9% drop in patients covered by Medicaid from 2014 to 2015. Costs of monthly health insurance premiums have increased from 2008‐2015; fewer patients were paying under \$200 per month and more patients were paying over \$300 per month over time. Since 2012, patients reported increasing concern regarding changes to health insurance policies and a decline in concerns regarding losing health coverage altogether. "Difficulty meeting financial demands of CF treatment and living expenses" remained a consistent concern throughout all survey years. A larger percent of patients with health insurance coverage through Medicare, higher out‐of‐pocket cost responsibilities, or lower household incomes delayed seeking or getting medical care and took smaller or fewer doses of prescribed medications in the past twelve months due to cost every survey year.

**Conclusions:** This study examined how cost and coverage concerns influenced patient access to care over time. From 2008‐2015, patients and caregivers continuously reported difficulties meeting the demands of CF care. While patients are decreasingly concerned about losing health insurance coverage altogether, they are increasingly concerned about changes to insurance policies. Across each survey year, higher out‐of‐pocket responsibilities, public insurance coverage, and lower household incomes were consistently associated with adverse care‐seeking behaviors. Inconsistent care and lack of access to prescribed treatments could negatively impact patient health and cause long‐term health consequences. Further research should address the impact of cost‐sharing on clinical outcomes for those with CF.

**Sponsorship:** This survey was conducted by Shugoll Research, Inc. in partnership with and funded by the Cystic Fibrosis Foundation.

**EDUCATION**

**754** **▴**

**URINARY INCONTINENCE: A BOOKLET AS AN INFORMATIVE TOOL FOR WOMEN WITH CYSTIC FIBROSIS**

[Tomezzoli, S.]{.ul} ^1^; Longhini, B.^1^; Tartali, C.^1^; Gaspari, S.^2^; Salonini, E.^1^; Tridello, G.^1^; Castellani, C.^1^ *1. Cystic Fibrosis Centre, Azienda Ospedaliera Universitaria Integrata, Verona, Italy* *; 2. Università degli Studi, Verona, Italy*

**Introduction:** Female urinary incontinence (UI) is a well known cystic fibrosis (CF) complication. However there is little information on the assessment and treatment of this condition, despite its considerable impact on daily activities and quality of life.

**Objectives:** To evaluate if an informative booklet regarding UI is a useful tool for CF women.

**Methods:** An interviewer‐administered questionnaire was submitted to 37 CF women in order to detect those with UI. Urinary leakage was reported by 28 of them, who received an informative booklet which contains general and detailed aspects related to UI. After 1 month, a self‐administered questionnaire was administered to the booklet\'s users in order to evaluate its usefulness. Main questions regarded the interest, the comprehension and the practical effectiveness of the booklet. Descriptive analyses were performed on the answers given.

**Results:** The questionnaire was completed by 24 women (median age 31.9 y, range 18.6‐48.2 y). All patients judged the booklet interesting. More than 90% of patients found pictures and terms easy to understand. The majority of women improved their consciousness about UI issues and changed their habits. Major details are reported in the Figure.

**Conclusion:** UI is common in CF women. It is important to actively investigate and inform about this problem. Given the lack of patients self‐reporting and of knowledge of treatment availability, a simple informative booklet could help women to become more aware, express their concerns and manage UI problems. Further studies are necessary in order to assess if a booklet could be considered a potentially useful tool depending on the severity of female urinary incontinence.

![](PPUL-51-S194-g125.jpg "ppul23576-gra-0125")

**755** **▴**

**MAKING MEDICINES EDUCATION MEMORABLE**

McDermott, L. *Pharmacy, Canterbury District Health Board, Christchurch, New Zealand*

**Introduction:** Children with cystic fibrosis (CF) take a range of regular medicines. This varies both in number and type of medicine depending on their diagnosis and symptoms. When a child is admitted to hospital, the clinical pharmacist has an opportunity to review and counsel on medicines. Most young children have difficulties engaging in such learning sessions so an interactive game was developed to overcome these difficulties.

**Method:** A well‐known children\'s board game was modified for the purposes of medicines education. This game was individualised for each child, with CF aged 3‐10 years, who was admitted as an inpatient for extended antimicrobial treatment. The first education session was used to verbally find a baseline of the knowledge of their medicines. During the following visit, the game was played and the child\'s medicines knowledge assessed again. A third session was held when possible.

**Results:** All children improved their medicines knowledge after playing the game. Preliminary results from the first six months show the biggest improvement was for one child, who improved knowing the medicines name and its purpose from 3/11 to 10/11 medicines. Further results will be collected until August 31st 2016.

**Conclusion:** All children were excited about having their "own game" to take home. They engaged with the pharmacist and in all cases their knowledge improved. The plan is to play the game with the children on an ongoing basis, making adjustments as medicines change, to further increase their medicine knowledge.

The potential for this game to be included in patient counselling is enormous. It could also be used for children with other chronic conditions.

**756** **▴**

**IMPACT OF A TARGETED TEAM EDUCATION PROGRAM ON PATIENT AND CAREGIVER CF KNOWLEDGE**

[Santini, M.R.]{.ul} ^2^; Marciniak, P.^1^; Caddick‐Dowty, S.^1^; Swartz, K.^1^; Daigle, K.^1^ *1. Respiratory and Immunology Center, Hasbro Children\'s Hospital, Providence, RI, USA* *; 2. Food and Nutrition Services, Hasbro Children\'s Hospital, Providence, RI, USA*

**Objective:** Measure effectiveness of targeted educational interventions designed to increase the CF knowledge base of patients and families.

**Methods:** To assess patient and family knowledge and identify opportunities for enhancement, multiple choice questionnaires were administered (2012 ‐ 2013). Based on results, targeted quarterly education sessions were delivered (2013 -- 2014) focusing on airway clearance; energy requirements; order of therapies and enzymes. The program included specific content delivered by the designated team member with written materials posted in the clinic and provided to patient/families. Education delivery was tracked through each quarter and once all quarters were completed, questionnaires were re‐administered. Re‐survey was completed (2014 -- 2015) by the education team members during a clinic visit with a minimum overall goal of 80% completion of eligible patients/parents. Results were compiled and compared to original survey results to determine effectiveness of educational interventions.

**Results:** The re‐survey was completed by 11 of 12 eligible children (92%); 8 of 8 adolescents (100%) and 29 of 31 (94%) parents. The percent correct for each subject area was tallied by age group (Table) and compared to initial survey results. Overall average scores similarly improved post‐intervention across the groups. All groups scored well in general CF knowledge. Children demonstrated the greatest improvement in respiratory health. Adolescents continued to score well in respiratory health, similar to their parents. Parents continued to score lowest in nutrition which prompted a second review of survey questions. Twenty‐four of 29 parent surveys were matched for pre‐ and post‐survey comparison. Two questions were deemed ambiguous/unclear, answered incorrectly by 67% and 42% of parents on both pre‐ and post‐surveys respectively. When these two questions were removed from the data set, no significant difference in pre‐ and post‐parent survey performance was noted.

**Conclusion:** Quarterly education sessions are an effective method to deliver specific education topics, address knowledge deficits and enhance overall CF knowledge base. No prior exposure to information was a likely factor in children\'s most significant improvement in scores across topics. Negligible improvement in nutrition content scores for parents may be due to unclear test questions where answer choices were either too similar, lacked personal relevance or education delivery method did not adequately meet adult learner needs. Children may benefit from individual, age appropriate education at an earlier age given score improvement within the child group.

**Compiled results -- Percentage correct by age category and survey type pre‐ and post‐survey**
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**757** **▴**

**IMPLEMENTING EARLY PALLIATIVE CARE EDUCATION IN CYSTIC FIBROSIS**

Hailey, C.E.^1^; Prieur, M.G.^1^; Helms, S.W.^1^; Carney, S.^2^; Schmidt, H.J.^3^; Carroll, D.^2^; [Dellon, E.P.]{.ul} ^1^ *1. University of North Carolina, Chapel Hill, NC, USA* *; 2. University of South Carolina, Columbia, SC, USA* *; 3. Virginia Commonwealth University, Richmond, VA, USA*

**Background:** People with CF and their families carry the burden of life‐limiting illness. Palliative care enhances quality of life for people with serious and chronic illnesses. Opportunities are numerous to introduce palliative care before patients with CF develop advanced disease, but there is no standardized approach to incorporating palliative care into routine CF care.

**Objective:** We aimed 1) to test the feasibility of incorporating standardized palliative care education into routine CF care and 2) to assess knowledge and perceptions of palliative care before and after providing palliative care education.

**Methods:** We designed a 30‐minute interactive palliative care education session utilizing existing palliative care resources and data from qualitative interviews with key stakeholders. Patients ages ≥13 years and a designated family caregiver are eligible to participate in this ongoing study. Participants complete surveys to assess knowledge and perceptions of palliative care before and after the education session during a routine clinic visit. The session includes a definition of palliative care, descriptions of 7 components of palliative care, and illustrative case examples. Change in knowledge and perceptions are measured using non‐parametric Mann‐Whitney *U* tests.

**Results:** Twenty‐seven participants have completed the education session to date, including 9 adult patients, 8 adolescent patients, and 10 caregivers. Median age of adult patients was 28 years, median FEV~1~ 50% predicted. Median age of pediatric patients was 16.5 years, median FEV~1~ 89% predicted. Participants reported low baseline knowledge of palliative care, with median composite knowledge score of 18 out of a maximum of 50. Many reported emotional uncertainty and concern related to the subject matter. After the education session, which participants felt was helpful, easy to understand, and contained an appropriate amount of information, knowledge scores increased significantly (post‐session median knowledge score 37 of 50; *p*\<0.01): participants understood the definition of palliative care, when it may be appropriate for people with CF, and how it could benefit people with CF. Participants described less fear and uncertainty after learning about palliative care and endorsed feeling relieved and more hopeful. Recruitment is ongoing at 3 CF care centers. Follow‐up surveys will be conducted at 3 months to assess knowledge retention and perceptions over time. Medical records of patient participants are being examined for subsequent documentation of discussions about palliative care and/or referrals for palliative care consultation.

**Conclusions:** Participants\' willingness to engage in palliative care education suggests openness to discussions with CF providers about palliative care. Preliminary data indicate that standardized, relevant palliative care education can be provided within a reasonable amount of time in the outpatient setting and is well‐received by adolescents and adults with CF and their caregivers. Future directions include dissemination of this educational session to other CF care centers.

**Support:** Cystic Fibrosis Foundation (DELLON14QI0).

**758** **▴**

**IVACAFTOR/LUMACAFTOR (ORKAMBI) PHARMACIST‐DRIVEN EDUCATION PROGRAM**

[Pettit, R.S.]{.ul} ^1^; Howenstine, M.^2^ *1. Pharmacy, Riley Hospital for Children at IU Health, Indianapolis, IN, USA* *; 2. Pediatric Pulmonary, Indiana University School of Medicine, Indianapolis, IN, USA*

**Background:** Ivacaftor/lumacaftor (Orkambi) was FDA approved for use in cystic fibrosis (CF) patients in July 2015. Due to the number of drug interactions, lab monitoring requirements, and administration directions of ivacaftor/lumacaftor a protocol and education program was developed at a single pediatric CF center. The pharmacist‐driven medication education program included a medication history/drug interaction screen performed by the pharmacist, ivacaftor/lumacaftor education with the pharmacist, and then follow‐up education at the next clinic appointment. To facilitate this education an ivacaftor/lumacaftor education sheet was developed by the pediatric CF center pharmacist in collaboration with the adult CF center pharmacists.

**Methods:** Patients were included in the results if they were eligible for ivacaftor/lumacaftor treatment and had education completed with the pharmacist. Patients and parents were given a seven‐question pre‐education knowledge survey by the pharmacist during the medication history session. Patients and parents were then given a follow‐up seven‐question knowledge survey at the next clinic appointment to assess the effectiveness of the education and provide discussion points for re‐education by the pharmacist at that visit.

**Results:** Thirty patients and 23 parents were educated by the pharmacist and completed a follow‐up visit during the timeframe. Median age was 15 years (IQR 13‐16) and median time between visit 1 and visit 2 was 84 days (IQR 72.5‐109.5). Twenty‐five drug interactions in 19 different patients were identified by the pharmacist and discussed with the patient, parent, and pulmonologist. Mean baseline scores on the patient pre‐education survey was 48.5% (SD 22.3) and 61% (SD 28.7) for parents. At the second visit the survey scores increased to 90.9% (SD 10.3) for patients and 89.5% (SD 16.4) for parents (p\<0.001).

**Conclusion:** A pharmacist‐driven ivacaftor/lumacaftor education program increased the medication knowledge for patients and parents. The meeting with the pharmacist also identified and addressed drug interactions prior to starting the medication. The use of a knowledge survey helped guide education and target knowledge gaps during the second education session. Long‐term knowledge retention with this method of education is a subject of further investigation. Our results demonstrate the role of an educational program for ivacaftor/lumacaftor and the value of having a pharmacist on the CF team.

**759** **▴**

**DISEASE‐SPECIFIC GENETIC KNOWLEDGE IN ADOLESCENTS WITH CYSTIC FIBROSIS AND THEIR PARENTS**

[Kaplan, E.T.]{.ul} ^1^; Blair, S.D.^2^; Fitzpatrick, A.^3^; Hunt, W.R.^4^; Pendley, S.^2^; Wei, J.W.^2^; Stecenko, A.^3^ *1. Human Genetics, Emory University, Atlanta, IL, USA* *; 2. Children\'s Healthcare of Atlanta, Atlanta, GA, USA* *; 3. Pediatrics, Emory University, Atlanta, GA, USA* *; 4. Medicine, Emory University, Atlanta, GA, USA*

**Background:** Although genetic testing for CF is common clinical practice, patients may have limited knowledge of the genetic basis of CF. However, as life expectancy increases, patients are required to assume increased responsibility for medical management and family planning decisions. This necessitates concrete knowledge of genetics and reproduction.

**Objective:** The goal of this project was to evaluate the educational needs of adolescents with CF and their parents by assessing their disease‐specific genetic knowledge.

**Methods:** Adolescents aged 13 to 21 years presenting to the Emory+Children\'s CF clinic for routine care were asked to complete an IRB‐approved 17‐item multiple‐choice questionnaire evaluating their CF‐specific genetic knowledge. This questionnaire was administered before a genetic counselor (GC) was added to the CF care team. The questionnaire had 3 domains: "Inheritance," "Carriers," and "Reproduction." Linear regression was used to analyze the relationships between number of correct answers and age or adherence. Adherence was measured on a scale from 1 to 5 (1 = poor, 5 = very high) by the CF social worker.

**Results:** From August 2015 to January 2016, 83 questionnaires were completed by 55 adolescents and 28 parents from a total of 78 total eligible patients (71% response rate). Average age of the adolescent participants was 16.6±2.3 years. Twenty‐three participants (42%) were male.

Adolescents answered 8.8±3.2 (mean, SD) out of 17 questions correctly and parents 11.8±2.3. No participant answered all 17 questions correctly. The average score for "Inheritance" questions was 74% for patients and 93% for parents; for "Carriers" questions was 46% for patients and 64% for parents; and for "Reproduction" questions 24% for patients and 37% for parents. There were 2 questions answered incorrectly by over 70% of patients and parents. One asked the risk of having a child with CF if one parent had CF and the other tested knowledge on the accuracy of carrier detection.

Adherence level did not but age did correlate significantly with genetic knowledge, however, age did have a positive correlation (*p*=0.53 and 0.03 respectively). In open‐ended survey questions, participants reported a desire for further education regarding their abilities to reproduce (25%, n=21), their specific mutation(s) (12%, n=10), and their likelihood of passing CF to their children (7%, n=6).

**Conclusions:** Considerable gaps in CF genetics knowledge were noted to exist in adolescents with CF and their parents. Additionally, a significant number of patients and parents reported a desire for broader disease‐specific genetics education. This study was conducted at a large academic CF center prior to the presence of a certified GC in the CF clinic. As such, we conclude that a GC would be an important member of the CF care team in order to help educate patients with CF and their families about genetics and reproduction.

Supported by CF Foundation OneCF Learning and Leadership Collaborative.

**760** **▴**

**DEVELOPMENT OF AN INFORMATION PACK TO SUPPORT PARENTS AT DIAGNOSIS**

[Ali, J.]{.ul}; Rostant‐Bell, M. *Cystic Fibrosis Trust, London, United Kingdom*

**Introduction:** In the UK, five babies each week are diagnosed with cystic fibrosis. However, the information that the Cystic Fibrosis Trust was able to offer parents at this time was limited and this was recognised as a significant gap in our provision. Addressing this gap was highlighted as a priority with the approach to development of resources recognised as a critical factor in achieving success. From the outset our aim was to consult widely to ensure the voices of the CF community and clinicians informed the development of the resources. It was felt this would shape the content more closely to actual need and engender a sense of ownership in the final product.

**Methods:** We used the Cystic Fibrosis Trust\'s Facebook page to make contact with parents and invited them to participate in the production of the resource. There were 38 expressions of interest, from which 20 parents became actively involved. In‐depth, qualitative interviews were carried out either face to face or over the telephone with the aim of understanding parents\' needs and experiences, and specifically what would have been useful for them at the point of diagnosis. In addition to these interviews, a focus group was held in Birmingham, UK. We consulted with clinicians from specialist multidisciplinary CF teams from across the UK during the information production, and the final content was reviewed by the Trust\'s Clinical Advisory Group, comprising representation from all nations of the UK and the heads of the specialist CF groups. Based on our consultation with parents, the clinical content was deliberately minimal, however it was important to ensure the clinical information included was both accurate and relevant.

**Results:** From conversations with parents who had experienced diagnosis of CF in their child, it became clear that experiential information would be highly valued by parents, and there were some key themes that shaped the content.

To know that there is hope for a positive future

Not to be overwhelmed with clinical information

Hearing about other families can reduce the sense of isolation

Useful to get practical advice on the here and now

Signpost to more detailed information when needed

Provide information for family and friends

**Format:** The final resource comprised a hardback A5 booklet for parents, leaflet to explain CF for family and friends, and a short film illustrating the experiences of one family following diagnosis, together with a series of filmed interviews with parents and family members.

**Release and distribution:** The pack was released in June 2015 and promoted widely on our social media platforms, through direct communication to CF centres and through presentations to parents groups. It is available as a hard copy or to download from the website and is distributed via specialist CF centres or via the Cystic Fibrosis Trust helpline at the point of diagnosis. Over 80 packs have been given to parents during the first year of release.

**Evaluation:** The number of views of the film and the number of pack downloads are monitored on a quarterly basis. We aim to ensure every family receives a pack at diagnosis. A short questionnaire was sent to pack recipients one year after receipt of the pack to touch base with parents and find out how useful the pack was to them, and whether the Trust could offer any further information and support.

**761**

**SUCCESSFUL CYSTIC FIBROSIS FAMILY EDUCATIONAL PROGRAMS WITH NEW INFECTION CONTROL GUIDELINES**

[Brueck, N.]{.ul} ^1^; Miller, T.J.^2^; Pfahler, P.^3^; Antos, N.J.^1^ *1. Pediatric Pulmonary, Medical College of Wisconsin, Milwaukee, WI, USA* *; 2. Children\'s Hospital of Wisconsin, Milwaukee, WI, USA* *; 3. Froedtert Hospital, Milwaukee, WI, USA*

**Background:** Education and engagement with people who have cystic fibrosis (CF) and their families is part of our mission in providing the best care to patients at our CF center. In 2006, our center implemented quarterly CF Education Nights in response to feedback from our patients and families. The programs are a combined effort of both the pediatric and adult CF care teams servicing our 195 pediatric and 133 adult patients. Historically, participants to these events included people with CF and their family members. With the updated infection control guidelines in spring 2013, our center was presented with new challenges as people with CF could no longer attend these events.

**Aim:** To continue to provide relevant and well‐attended CF Education Events, in light of the new infection control guidelines.

**Methods:** As the programs are a combined effort of the pediatric and adult care teams, joint meetings are held monthly to discuss topics and organize the event. Topics and speakers are determined via input from the care team, current popular news/speakers, and feedback from CF families. We then follow a checklist, developed at our center to ensure that nothing is missed, to finalize all of the details. Families are notified of educational events via mail, email, flyers in clinic, and a reminder on their clinic after visit summaries. With the new guidelines, we used both novel formats and topics to help sustain attendance and interest. CF Education Events are financially supported by pharmaceutical companies that participate in a vendor fair before each event.

**Results:** We continue to organize and host on average 3‐4 events per year. Since 2006, we have had 35 events with 10 since the infection control guidelines. We did see an expected decrease in attendance by about 1/3. Efforts used to maintain attendance include offering different formats, such as A) round‐table discussions, B) interactive learning activities, C) cooking classes, D) weekend events, and E) lectures. We have added live‐streaming capabilities to include people who are unable to attend in person. Additionally, a diverse range of topics to keep interest and engagement are used; including high‐profile speakers, panel discussions, and themed events (such as research). Evaluations from attendees show overall ratings of the programs to be good or excellent. Before the new guidelines, attendance ranged from 75‐110 people (mean 90). After implementation, attendance has ranged from 39‐88 with a mean of 66 people.

**Conclusion:** Education on cystic fibrosis should be continuous and expand beyond the clinic visit. Even with the changes in infection control guidelines, we have continued to include both people with CF and their families in quarterly educational programs. We also work to maintain the culture and excitement around these programs. By utilizing patient and family feedback, adding the option of live‐streaming and offering variety of formats, we have continued to be successful. For the future, we want to enhance live‐streaming to better capture attendance at home and to make it more user‐friendly.

**762**

**CYSTIC FIBROSIS CLINIC AS A FRAMEWORK FOR PEDIATRIC RESIDENT CONTINUITY OF CARE**

[Staples, H.]{.ul} ^1,2^; Brown, D.^1^; Brown, D.^1^; Dominick, S.^1^; St. John, K.^1^ *1. Pediatrics, Palmetto Health/Univ of South Carolina, Columbia, SC, USA* *; 2. Pediatric Pulmonology, Baylor College of Medicine, Houston, TX, USA*

**Background:** Pediatric residents have limited opportunities to gain experience in the longitudinal care of CF patients. Most residents care for CF patients either in the hospital or briefly during pulmonary electives. In recent years, the concept of an individualized curriculum has developed for pediatric residency. This has allowed for transition of the continuity clinic experience of third‐year residents out of general pediatrics into their desired subspecialty.

**Methods:** Patients were seen weekly in clinic by the third‐year resident physician. The goal was to follow CF patients and utilize those visits to introduce depression screening. The patients were chosen based on age and availability in scheduling. The initial target patient population included adolescents, aged ≥12. At first, the resident utilized the Children\'s Depression Inventory 2, both self‐ and parent‐reporting. After the 2015 NACFC Plenary session on anxiety and depression, the screening tools were modified to include the recommended PHQ‐9 and GAD‐7. The resident staffed all patients with the attending in clinic after a full CF follow‐up visit was completed. Patients were also seen by child life staff to review any other psychosocial concerns and to increase continuity with inpatient child life. Patients completed evaluations to provide feedback. Those who had ongoing concerns were seen for follow‐up visits.

**Results:** Of the 74 total CF patients in the clinic, 19 adolescents were identified. Of those, 6 were seen by the resident, as well as provided with mental health screening, within a 6‐month period. Two refused to participate in the screening. Of those screened, two were referred to psychiatry for further evaluation. One patient screened was already followed by psychiatry and on medication. Patient feedback was very positive with the observation that more time was available for discussion of issues one‐on‐one, even topics that were not directly related to CF. The resident reported that her experience allowed for better understanding of challenges faced by patients with CF as well as additional education in the ongoing care of this patient group.

**Discussion:** The third‐year resident had increased exposure to CF care while providing additional valuable services to the CF population of the center. Additionally, patient feedback was overwhelmingly positive with many patients noting improved time for discussion and questions. Also provided were opportunities for resident experience in multi‐disciplinary care coordination, including the use of nursing staff, child life services and mental health referrals.

**Conclusion:** Utilizing CF clinic as an avenue for continuity for pediatric residents has the potential to provide a new approach for resident education within this field. Not only can residents participate in vital aspects of patient care, they can use these opportunities to enhance their communication skills and hone their knowledge of CF. This clinical concept could provide a springboard for quality improvement projects as well, coordinating between residents and the pulmonary service. It allows for a relationship that is mutually beneficial, enhancing the education of the resident and the care of patients.

**763** **▴**

**IMPLEMENTATION OF INFECTION PREVENTION AND CONTROL IN AN INPATIENT AND OUTPATIENT SETTING; SOMETHING BORROWED BRINGS SOMETHING NEW**

Snodgrass, S.M.; Peace, R.; Macaluso, J.; Lacroix, R.; Fields, M.J.; Simpson, S.W.; [DuBose, L.A.]{.ul} *Pediatric Pulmonology, Greenville Health System Children\'s Hospital, Greenville, SC, USA*

**Background:** The 2014 NACFC meeting had as one of its emphases, introduction and discussion of newly updated CF infection prevention and control (IP&C) guidelines published in 2013. The importance of these new recommendations and the shared experiences of others with patient‐to‐patient transmitted outbreaks in their CF centers in clinics and hospitals profoundly impacted our team. The decision was made to aggressively and quickly work to implement a more system‐wide approach that would bring our IP&C practices more in line with the latest recommendations. Our children\'s hospital is located several miles from our outpatient practice and CF clinic, which also houses a lab and a radiology department. Our health system has also been in the process of acquiring multiple other facilities in our area and thus prior implementation has had its challenges.

**Design:** IP&C sessions at the 2014 NACFC provided strategies and guides to implement the updated recommendations. Our CF team worked very closely in a multidisciplinary fashion with close collaboration of infectious disease colleagues and Infection Control staff to facilitate the necessary changes. Inpatient and outpatient IP&C policies were updated to reflect the new changes and education was started for staff. Inpatient Infection Control is notified of EVERY new CF patient to our center so that their charts may contain an alert which allows prompt initiation of contact or droplet precautions as indicated. Patient and family education was also initiated through our regular newsletters, mailers and in the outpatient department during visits. Packets were given with a Children\'s Hospital CF "Fastpass" unique to our system, masks, and a letter outlining the new policies. Children\'s Hospital sent mass emails to ALL the pediatricians and family practice providers in our service area to make them aware of the changes. Instruction occurred personally with laboratory, radiology, ER, surgery, and business office management, and even with information staff at our building entrance.

**Results:** Implementation of new IP&C guidelines has been very successful. Our health system endorsed and fully supported these guidelines within about 6 months of implementation which occurred in November of 2014.

**Conclusion:** Although we face continued barriers, our success was well in advance of what we expected and instituting rigorous new guidelines proved feasible. We continue to educate families, staff and various departments that care for our CF population. Scheduled review of the policy has been instituted by our CF outpatient team, inpatient team and other providers caring for our patients. We have also had requests by other departments who would like to develop Fastpasses for their patient populations, such as those who are immunocompromised. In general our Fastpasses have been well received by our patients, families and our healthcare system as a whole and have proved feasible to greatly reduce or eliminate wait times in common areas. Patients and families have demonstrated acceptance with new policies and given positive feedback for our system as a whole making IP&C a high priority.

**NEW THERAPIES, BIOMARKERS & OUTCOME MEASURES**

**764**

**OPEN‐LABEL, EXPLORATORY STUDY TO EVALUATE THE EFFECTS OF QR‐010 ON NASAL POTENTIAL DIFFERENCE (NPD) IN SUBJECTS WITH CYSTIC FIBROSIS WHO ARE HOMOZYGOUS OR COMPOUND HETEROZYGOUS FOR THE ΔF508 CFTR MUTATION**

Sermet‐Gaudelus, I.^3^; Nichols, D.^4^; Nick, J.A.^4^; De Boeck, C.^5^; Clancy, J.P.^6^; Solomon, G.M.^7^; Rowe, S.M.^7^; Elborn, J.S.^8^; Mall, M.A.^9^; Bouisset, F.^2^; den Hollander, W.^1^; Lamontagne, N.^1^; Tomkinson, N.^1^; [Henig, N.]{.ul} ^1^ *1. ProQR Therapeutics, Leiden, Netherlands* *; 2. Cytel, Cambridge, MA, USA* *; 3. INSERM U 1151, Hôpital Necker ‐ Enfants Malades, Paris, France* *; 4. National Jewish Med & Research Ctr, Denver, CO, USA* *; 5. KUL Leuven, Leuven, Belgium* *; 6. Cincinnati Children\'s Hosp Med Ctr, Cincinnati, OH, USA* *; 7. UAB, Birmingham, AL, USA* *; 8. Queens Univ Belfast, Belfast, Ireland* *; 9. Univ of Heidelberg, Heidelberg, Germany*

**Background:** QR‐010 is being developed for the chronic treatment of patients with CF associated with the absence of phenylalanine at position 508 (ΔF508) on CFTR‐encoded RNA. QR‐010 is a single‐stranded RNA oligonucleotide complementary to the ΔF508 region on the RNA transcription product of the CFTR gene, and as such represents a novel therapeutic approach for CF. QR‐010 is being developed as an inhaled therapeutic to treat the underlying cause of CF in patients with at least one copy of the ΔF508 mutation and to restore functional CFTR protein by targeting the mRNA. NPD is a well‐documented assay to diagnose CF which reflects the function of CFTR.

**Objective:** PQ‐010‐002 is an innovative proof‐of‐principle study evaluating the effects of QR‐010 on the restoration of CFTR function as measured by NPD, following bilateral intranasal administration of QR‐010 for a period of 4 weeks (3X weekly; 12 doses total).

**Study Design:** PQ‐010‐002 is an open‐label study of at least 16 subjects in 2 cohorts, one with subjects homozygous and one with subjects who are compound heterozygotes for the ΔF508 CFTR mutation. All subjects receive a total of 12 intranasal doses of 10 mg (5 mg/ 250 μL per nostril, 3 times per week) over 4 weeks. Male and female subjects 18 years of age or older with a confirmed diagnosis of CF measured by sweat chloride, confirmed CFTR gene mutations (homozygous or compound heterozygous for the ΔF508 mutation), screening NPD tracing consistent with the diagnosis of CF and stable pulmonary function with an FEV1 of ≥40% are eligible for enrolment. Subjects receiving CFTR potentiators or correctors, or those with a recent significant change in CF maintenance medications were excluded. NPD tests are conducted according to the standardized CFF‐TDN SOP. All NPD tracing/data are evaluated, reviewed and qualified by a central independent reviewer who is blinded to subject ID and to the NPD time point. The study design includes an optional Part B consisting of 2 additional cohorts who would receive 12 doses of up to 25 mg (12.5 mg/ 250 μL per nostril).

**Endpoint:** The primary endpoint is the within‐subject change in CFTR‐mediated total chloride transport relative to baseline (measured by NPD) after 6 doses (Day 15), 12 doses (Day 26), and 21 days following the last dose (Day 47±3 days). Additional measurements include full analysis of the NPD tracing, safety, and sweat chloride at multiple timepoints.

**Results:** 10 homozygous and 8 compound heterozygous subjects are included from 5 study sites. No subjects withdrew. No safety concerns are reported. Efficacy results and conclusions will be provided at NACFC.

**Financial Support:** This project has received funding from the European Union\'s Horizon 2020 research and innovation programme under grant agreement No 633545 and from the CF Foundation.
